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I NTRODUCTI ON 


STUDY  PURPOSE 

Ravalli  County,  in  an  effort  to  reduce  or  otherwise  alleviate 
problems  at  accident  cluster  sites  on  the  County  Road  System,  has 
retained  the  Consulting  Engineering  Firm  of  Marvin  &  Associates  to 
perform  a  traffic  engineering  study.  The  purpose  of  this  study  is 
to  identify  accident  cluster  locations,  collect  and  analy2e  perti- 
nent data,  make  short  and  long  term  safety  improvement  reccommend- 
ations  and  establish  a  priority  list  of  improvement  projects. 

Other  similar  studies  have  been  completed  for  Montana 
counties  with  the  technical  and  fiscal  assistance  of  the  Montana 
Department  of  Justice,    Highway  Traffic  Safety  Division.      The  intent 
of  the  Highway  Traffic  Safety  Division  in  sponsoring  these  studies 
is  to  first,    reduce  accidents   on  the  county  road  systems  and 
secondly,    to  establish  an  awareness  of  accident   reduction  measures 
so  that   a  continuation  of  the  program  can  be   established  within 
each  county. 

The  methodology  used  in  these  studies,    which  primarily  served 
as  the   basis   for  the  analysis   within  this   report,    can  be   found  in 
the  report   No. PHHA-RD-77-83   "Identification  of  Hazardous  Locations. 
Refinements  to  the  FHHA  report   made  by  DCA  Project   No.  79-04-01-01 
and  subsequent  county  studies   throughout   the   state,    are  also  incor- 
porated within  this  report.      The  methodology  used  to  establish 
priority  rankings  is  explained  in  the  Benefit/Cost  Ratio  section  of 
this  report  and  is  tailored  specifically  to  Ravalli   County's  unique 
requi  rements.  * 
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The  implementation  of  traffic  safety  improvements  contained 
within  this  report   is  presented  differently  than  in  some  previous 
studies.      Since  the  Montana  Department  of  Highways  ( MDOH)    has  Off- 
system     Safety     funds     available     for     use     on     some     or  all   of  the 
improvement  projects  recommended  herein,    the  priorities  and  funding 
obligations  are  specifically  tailored  to  MDOH  requirements.  Upon 
approval     of     this     program  by  the  county  commission,    this  report 
should  be  submitted  to  the  Department   of  Highways  as  justification 
for  Off-system  Safety  fund  allotments. 

REPORT  ORGANIZATION 

The     initial     section     of     this  report  contains  narratives 
describing  the  accident  cluster  site  locations,    characteristics  of 
the  county  road  system,    study  methodology,    results  of  the  hazard 
index  analysis  for  all   of  the  sites,    explanation  of  the  improve- 
ments  recommended,    priority  index  calculations,    an  implementation 
schedule  and  recommendations   for  continuation  of  the   program  in 
future  years.      Sptoial  attention  should  be  given  to  the  Site 
Characterittiot  and  Explanation  of  Improvement a  aeotlons.  Speolflo 
traffic  safety  information  for  the  Ravalli  County  road  ayatem  is 
presented  in  these  aeotions. 

Site  specific  data  can  be   found  within  the   individual  site 
sections   following  the  main  body  of  this   report.      A  great   deal  of 
computer  generated  data  was   printed  and  reduced  for  inclusion  on 
the  existing  condition  and  short   term  improvement  sketches.  The 
availability  of  pertinent   data  on  the  same  page  as   the  sketches 
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hopefully  aids  in  comprehension  of  the   problem  identification  and 
improvement  benefits.      The  short   term  plan  sketches  can  also  be 
used  by  the  Department   of  Highways   to  verify  the   traffic  control 
device  items  eligible  for  funding  through  their  program. 

The  site  specific  sections  of  this  report  are  numbered 
according  to  their  priority  ranking  as   indicated  in  the  site 
location  section  of  this  report.      Only  10  sites   are  included  in 
this  project  due   to  budget   restrictions.      Some  of  the  sites  were 
extensive   in  length  and  encompassed  several   locali2ed  cluster  sites 
within  them.      For  these  particular  sites,    the   recommendations  are 
tied  to  improving  individual   sections   with  safety  of  the  entire 
corridor  in  mind. 

The  basic  organizational  format  of  the  site  specific  sections 
is  as  follows: 


Narrativts  *  Location 


Description 


*   Exi  sting 


Condi  t  i  ons 


Geome t  r i 


cs 


Traffic 


Control  Devices 


Traffic 


Vol umes 


Traffic 


Oper a t  i  ons 


Acci  dent 


s 


*  Short  & 


Long  Term  Improvements 


*  Benefits 


Pi  gur«8 


Photos 


Exi  s t i  ng 


Condition  Sketch 


Short   Term  Improvement  Sketch 
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SITE  CHARACTERISTICS 


SITB  LOCATIONS 

The  maps  contained  at   the  end  of  this  section  (Figures  1.) 
show  the  ten  accident  sites  and  corridor  areas  respective  to  their 
priority  numbers.      Table  1.,    below,    is  a  listing  of  site  numbers 
corresponding  to  the  site  locations: 


TABLE 

1.    LIST  OP  STUDY  SITES 

SITE 

PRIORITY 

LOCATION 

I.  D. 

NO. 

1 

SLEEPING  CHILD  ROAD  -  CURVES 

2 

SLEEPING  CHILD  ROAD   -   BEAR  CR 

3 

OLD  DARBY   ROAD   -   COMO  ROAD 

4 

AMBROSE  ROAD 

5 

PLEASANT  VIEW  ROAD 

6 

OLD  CORVALLIS  ROAD  -  CURVES 

7 

QUAST  LANE  RXR 

8 

WILLOW  CREEK   ROAD  RXR 

9 

OLD   U.  S.    93   -   S  OF  MISS.  CNTY 

1  0 

MIDDLE   BURNT  FORK  ROAD 

SYSTEM  CHARACTBRISTICS 


Traffic  Volumci  -  All  of  the  accident  sites  are  located  in  a 
rural  environment  and  are  on  low  volume   roads.      The  highest  traffic 
volume  at  any  site  is  approximately  1,600  vehicles  per  day  while 
the  lowest   volume  is   110   vehicles  per  day  or  110  ADT  (Average  Daily 
Traffic) . 

W. L.    Higginbotham  of  the  Ravalli   County  Road  Department 
provided  information  on  historical  traffic  volumes  for  various 


4 


county  road  sections.      It  should  be  noted  that  the  County  Road 
Department  had  just  recently  begun  collecting  traffic  data  and  the 
oldest   records  were  from  1988.      The  County's  efforts  in  this  regard 
are  a  positive  step  forward  in  planning  and  maintaining  the  fast 
growing  road  system.      Since     traffic  volumes  have  been  increasing 
at  a  5-6%  annual  rate  during  the  past   nine  years.      Future  records 
of  this  type  will  be  invaluable. 

The  traffic  volume  counts  provided  by  Ravalli   County  were 
recorded  on  machine  counters.      These  counts  were  used  to  determine 
hourly  traffic  variations  on  various  types  of  roads  in  Ravalli 
County.      The  hourly  counts  were  graphed  as  a  percentage  of  average 
daily  traffic  verses  hour  of  the  day.      Four  graphs  typify  a  range 
of  road  types  in  Ravalli   County.      Figure  2.      is  the  hourly  traffic 
variation  plots  for  Pleasant   View  Road,    Sleeping  Child  Road, 
Ambrose  Lane  and  Old  Darby  Road.      Two  of  the  roads.    Sleeping  Child 
and  Old  Darby,    are  typical   of  recreation  type   roads.      The  two 
remaining  roads  are  typical  of  farm  and  residential  access  roads. 

While  evaluating  the  shape  and  peaking  characteristics  of 
the  traffic   volume  curves,    it   was   noted  that   these   roads  are  not 
typical  of  most  rural  or  urban  roads.      Some  peak  volumes  occur 
before  5:00  PM,    no  distinctive  peak  occurs  around  noon  and  traffic 
in  the  late  evening  is  much  higher  than  what   would  be  expected. 

The  Montana  Department  of  Highways   provided  hourly  counts  at 
the  Willow  Creek  Road  site.      These  counts  are  also  graphed  in 
Figure  2.      and  they  indicate  a  classic  distribution  of  traffic 
throughout  the  day.      In  order  to  check  traffic  data  variation, 
Marvin  &  Associates  set  out  a  counter  on  Pleasant  View  Road  in 
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August.      Figure  2.    has  a  hourly  traffic  variation  graph  which  shows 
the  result  of  this  count.      The  shape  of  this  curve  is  not  too 
different   than  the  curve   plotted  from  county  data  with  the  peak 
hours   being  very  close.      From  this   it  could  be  assumed  that  the 
county  data  is  valid.      Individual   manual  counts   were  taken  at  the 
project  sites.      These  counts  did  not   match  the  County's  records 
since  the  County's  counts  were  taken  at  locations  far  removed  from 
the  sites.      Volumes  were  very  carefully  adjusted  by  statistical 
methods  for  use  in  this  report.      Future  use  of  the  traffic  volumes 
contained  in  this  report  should  be  verified  if  for  purposes  other 
than  planning. 

The  evening  peak  hour,    in  most  cases,    is  the  highest  volume 
percentage  of  any  hour  of  the  day  and  ranges  from  6.0%  to  11    %  of 
average  daily  traffic.      The  morning  peak  hour  is   the  second  highest 
peak  of  the  day  in  most   cases,    with  2%  to  8%  of  average  daily 
traffic. 

Roadway  Charactari s t i os  -     The  Ravalli   County  Road  System  contains 
roads   typical   of  rural   western  Montana.      Paved  roads  are  found 
mostly  in  the  valley  while  gravel   roads  are   found  in  the  foothills 
and  mountains  where  residential  and  farming  land  uses  are  sparse. 
The  County's  major  transportation  needs  are  served  by  U.S.    Route  93 
which  runs  north-south  from  one  end  of  the  county  to  the  other. 
Since  mountain  ranges  parallel   U.S.    93  and  the  major  population 
lies  in  the  valley,    east-west  routes  are  minor  facilities.  Routes 
parallel  to  U.S.      93  are  limited  in  length  except  for  the  Eastside 
Highway,    which  is  the  only  other  major  arterial   in  the  county. 


6 


These  arterials  feel  the  brunt  of  any  growth  in  the  county.  The 
county  maintained  road  system  has  thus  far  alluded  major  problems 
caused  by  growth,    because  the  system  is  rather  fractured.  Problems 
on  the  road  system  caused  by  growth  are  usually  locali2ed. 

In  all  but  four  of  the  project  sites,    the  roadway  surface  had 
some  involvement   with  the  accident  experience.      All  of  the  gravel 
surface  roads  had  at  least  one  accident  directly  attributable  to 
"washboard"   conditions.      In  the  case  of  Sleeping  Child  Road,  at 
least  seven  accidents   involved  vehicles   loosing  control  on 
washboard  sections.      Some  of  the  paved  roads  also  have  ruts  or 
raveled  surfaces  which  tend  to  cause  problems  with  vehicle  dynamics 
and  provide  unexpected  control  situations  for  drivers. 

Another  of  the  most  common  problems  observed  at  the  study 
sites,    involved  condition  of  the  roadside  environment  ie.  sight 
distance  restrictions  caused  by  trees  and  brush  or  by  machinery  and 
buildings  in  the  sight  triangle.      Trees  should  be  trimmed  at  least 
10  feet   above  the  roadway  and  bushes  should  not  exceed  3   feet  in 
height   to  provide  an  unobstructed  line  of  sight.      In  the  forested 
section  of  roadway,    clearing  of  trees   is   impractical,    but  critical 
obstructions  could  still   be   removed  without   a  massive  effort. 
Proper  stopping  and  intersection  sight  distances  for  any  individual 
section  of  road  can  be  calculated  by  using  the   AAASHTO  "Policy  On 
Geometric  Design  for  Highways  and  Streets",    commonly  known  as  the 
"Green  Book" . 

In  two  cases,    drainage  structures  located  without  respect  to 
the  flow  of  the  roadway  geometries  has  caused  severe  operational 
problems  because  of  the  resulting  misalignment.  Historically, 
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bridges  and  culverts  were  installed  to  minimize  construction  costs 
without  regard  for  the  utility  of  the  roadway.      This  approach  to 
road  building  failed  to  recognize  that  these  structures  were  only 
secondary  to  the  function  of  the  road.      The  true  cost  of  these 
structures  can  now  be  realized  in  the  accidents  and  operational 
problems   they  cause. 

Two  of  the  sites  involve  railroad  crossings.      There  are 
numerous  crossings  on  Ravalli   County  roads.      Hhile  the  number  of 
vehicle-train  accidents  is  not  significant,    accidents  of  this  type 
tend  to  be  severe.      Because  of  the  poor  geometries  and  restricted 
sight  distance,    railroad  crossings  in  Ravalli   County  represent 
potentially  serious  problems  for  future  safety  as  traffic  volumes 
continue  to  increase. 

Study  Applioations  ~     Prom  past  experience,    it  has  been  discovered 
that   the  methods   utilized  in  these   type  of  studies  provide  quite 
different   results  when  applied  to  an  urban  area  as  opposed  to  rural 
country  roads.    In  this  case,    the  application  of  study  methods  is 
ideally  suited  to  the   rural   road  system  in  Ravalli   County.  Even 
considering  this  fact,    the  highest   priority  sites   were  on  the  most 
rural,    low  volume  sections  of  roadway.      This  situation  should  be 
expected,    since  cluster  sites  on  low  volume   roads  have  a  higher 
accident   rate;    speeds  are  higher  and  thus  severity  is  usually 
greater;    and  the  cost  of  making  significant   improvements  is  usually 
less.      Since  the  site  selection  process  for  this  study  was  based  on 
statistical  indicators  based  on  these  factors,    the  low  volume  rural 
roads  usually  ranked  high. 
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Traffic  Control  Dcviets  -       Some  degree  of  traffic  control  devices 
were  present  at  almost  all  of  the  sites.      However,    none  of  the 
sites  had  control  devices  that   were  completely  adequate   for  the 
conditions  encountered.      Some  sites  were  signed  more  than  others, 
probably  because  of  complaints  or  because  of  the  knowledge  of  past 
problems.      The  sites,    for  the  most   part,    were   typical  of  all 
Ravalli   County  roads  as  far  as  traffic  control  device  applications. 
Warning  and  guide  signs  are  used  sparingly  on  most  of  the  road 
system.      Pavement  markings  are  all  but  nonexistent  on  county  roads 
along  with  roadside  delineation. 

It   is  evident   that   Ravalli   County  has  expended  some  effort  to 
correct  roadway  deficiencies  with  the  use  of  traffic  control 
devices.      In  some  areas,    signing  is  applied  conservatively  while 
others  have   no  signing.      This   is   understandable,    considering  the 
limited  budget  of  county  governments.      This  study  recommends   a  high 
degree  of  signing  and  pavement   marking  application  at   the  study 
sites.      Since  consistency  of  signing  and  pavement  marking  is 
extremely  important,    Ravalli   County  should  plan  on  revising  the 
applications   and  locations  of  signs   and  pavement  markings  on  all 
county  roads  after  these   improvements  are   implemented.      This  work 
should  be  considered  a  long  range  goal   of  the  county,    since  the 
needs  are  great  and  the  funds  are  limited.      Standard  traffic 
control  devices  applied  consistently  will   aid  in  the  future 
elimination  of  accidents   county  wide. 

Traffic  Accidtnts  -         Traffic  accident  characteristics  for  all  of 
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the  Ravalli  County  sites  are  summarized  below: 


ALL  RAUALLI  COUNTY  SITES 


ROAD  CONDITIONS  -  X  OF  TOTAL  5 
42  DRY    =  64% 
6  UET     =  9X 
18  ICY    =  27X 

LIGHT  CONDITIONS  -  X  OF  TOTAL 
36  DARK  s  55X 
30  DAY     =  45X 

SEVERITY  -  X  OF  TOTAL  : 
1  FATAL      =  2X 
30  INJURY    =  45X 
35  PROP  DAMS  53X 


ALCOHOL 
INVOLVED 
X  TOTAL  = 


19 


29X 


ACCIDENT  STATISTICS 


ACCIDENTS  / 

1985  - 

1986  = 

1987  3 

1988  = 
ACCIDENT  TYPE 

5  HEAD  ON  = 

3  ANGLE  = 
0  LEFT  TURNS 
0  SIDE  SUP. 8 
2  REAR  END  = 

52  SINGLE  V  = 

4  OTHER  3 


YEAR  : 
18 
13 
19 

16  TOTAL  =  66 
X  OF  TOTAL  J 
8X 
5X 
OX 
OX 
3X 
79X 
6X 


UEATHER  CONDITIONS  -  X  OF  TOTAL 


57  CLEAR  = 

4  RAIN  = 

5  SNOU  = 
0  FOO  = 


86X 
6X 
8X 
OX 


Of  all  the  years  in  this  period,    1986  had  the  least  number  of 
accidents.      The  predominance  of  rural  sites  is  evident  in  the 
statistics,    since  they  are  primarily  single  vehicle  accidents. 
Most  of  the  accidents  occurred  in  clear  weather  on  dry  roads. 
Night   time  accidents   were  more  common  than  daytime  accidents  and 
property  damage  accidents   outweighed  injury  accidents.      One  fatal 
accident  occurred  within  the  study  sites.      Alcohol  involvement 
played  only  a  minor  role,    since  only  29%  of  the  accidents  involved 
drivers  who  had  been  drinking. 

Ravalli   County  does   not   have  a 
can  be  assumed,    from  conversations 
that   Ravalli   County  is  a  fast 

1  0 


Putur*  System  Characteristics  - 

formal  transportation  plan.  It 
with  MDOH  and  County  officials, 


growing  area  and  demand  for  improved  transportation  facilities  will 
continue  to  grow.      Since  the  exact  areas  of  growth  and  the 
resultant   impacts  at  the  study  sites  are   not   known,    any  long  term 
improvements  suggested  within  this   report   are  based  solely  on 
existing  traffic  conditions.      Long  term  solution  are  merely 
alternative  improvements  involving  a  higher  level   of  safety  with  a 
commensurate  degree  of  funding  requirements. 

STUDV  MBTHODOLOaV 

The  study  was  segregated  into  four  distinct  phases  which  best 
achieved  the  purpose  and  scope  of  the  traffic  study.    These  phases 
are  outlined  as  follows: 

Phast  1   -  Sitt  S«l«otion  PhaBc;      involved  copying  all  of  the 
accident   reports  on  Ravalli   County  roads   for  the   years  1985  thru 
1988  from  Department  of  Justice   files   in  Helena,    Montana.  These 
reports   were   first  arranged  alphabetically  and  separated  according 
to  road  names.      Reports  on  each  individual   road  were  screened  for 
location  by  intersecting  roadway  and  cross  referenced.  Finally, 
the  reports  were  plotted  on  county  grid  maps  to  identify  cluster 
areas.      All   identified  clusters   having  less   than  three  accidents 
during  the  reporting  period  were  discarded.      The  remaining  acci- 
dents were  entered  into  a  computer  program  to  calculate  preliminary 
hazard  index  values. 

Number  of  accidents,    accident  rates  and  severity  indexes  were 
calculated  for  forty     cluster  sites.      Table  2.    is  a  summary  of  the 
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TABLE  2. 

RAVALLI  COUNTY  ACCIDENT  CLUSTER  SITE  ! 

SELECTION  HATRIX 

-  PRELIHINARY 

INTERSECTION 

TOTAI 

.  NO. 

ACC. 

COHPOSITE 

SITE 

OR          ACCIDENTS  /  YEAR 

NO. 

ACC. 

APPROX. 

ACC.  RATE 

PIIOTV 

SVkIY 

SCREEN 

NO.    HAJOR  ROUTE 

LOCATION  85 

66 

87 

111 

00 

ACC. 

INDEX 

VOLUHE 

RATE  INDEX 

INDEX 

Tunrv 

INDEX 

RPMARKQ 

i  SLEEPING  CHILD  ROAD  AT  BEAR  CREEK  2 

0 

A 

0 

4 

54 

600 

6.85 

99 

j6 

7'>  0 

72.2 

KclunntNucv  bile 

2  BOUHAN  ROAD 

US  93  INTER.  AREA  2 

2 

i 

£ 

64 

900 

6.85 

99 

n 

74  A 
/l.O 

3  SLEEPING  CHILD  ROAD  6-7.2  HI  S  SKALKAH  6 

£ 

£ 

4 

1 

11 

69 

1200 

6.28 

94 

7rt  L 
iV.6 

4  AMBROSE  CREEK  ROAD 

1.2-2.3  ni  E  b  ivi  1 

7 
J 

7 

2 

4 

64 

1200 

5.14 

83 

JL 

A7  k 

C  III  K  AIDBV  nnAK 

3  OLD  DARBY  ROAD 

f(\un  on  lUTCD  adca  4 
lUnU  Kv  IN  ICR  AKcA  I 

A 

T 

J 

5 

15 

78 

2200 

4.67 

78 

46 

67.4 

■  ■ 

6  OLD  COkVALLIS  Rv 

lURVtb  .J  H  HiVcKb  L 

4 
1 

3 

0 

54 

800 

5.14 

83 

45 

62.5 

■  ■ 

7  ni  A  ifC  01 

0.  A  MT  MTQQ  TUTV  '> 
ti  tO  ni  niOl}  IfNIT  L 

4 

I 

3 

0 

54 

800 

5.14 

83 

45 

62.5 

■  ■ 

k  PI  TACAMT  UTTU  Oft 
0  rLCnSANI  VlcN  KU 

A  MT  Minni  P  RPAR  1 

4 
1 

0 

V 

2 

54 

800 

5.14 

83 

45 

62.5 

•  ■ 

7  niVULC  DUnnI  rURn 

N  RIIRNT  FHRK-  S  HI  7 

2 

2 

0 

54 

800 

5.14 

83 

40 

60.8 

■  ■ 

IV  fundi  Lnnc 

RAILROAD  I-INfi  i 

0 

V 

0 

1 

33 

250 

5.48 

87 

45 

58.0 

■  I 

11  DUTCH  Hill  &D 

7-1  2  HI  H  US  93  1 

1 

4 
1 

4 
1 

58 

1200 

4.00 

70 

43 

57.8 

ALTERNATIVE  SITE 

io  rANYny  trppk  sn 

14  vnniuR  WnCCn  nV 

0 

4 

4 
t 

45 

600 

4.57 

77 

45 

57.6 

4  7  TAMMAUY  1  nnp 

1-1  9  MT  P  ATRPHRT  1 
1  l*t  ni  C  niRrURI  1 

2 

0 

V 

4 

I 

45 

700 

3.91 

69 

45 

54.6 

■  ■ 

41  DnUMAU  onAh 
H  DUHnAfl  NUAU 

4  0-4  ft  NT  U  lie  07  4 
l.Z  1.0  ni  H  Ub  70  1 

\ 
1 

2 

4 

4 

i 

50 

1000 

3.42 

63 

48 

54.3 

■  ■ 

4^  Dvc  roccu  onAft 
ij  Kit  IKbbn  KUAU 

rilDUP  7  ft  MT  P  lie  l\ 

lUKVt  J.fi  ni  c  Ub  u 

4 
1 

4 

1 

3 

50 

800 

4.28 

74 

35 

54  1 

■  ■ 

4  L  hAI  V  AUCUIIC 

16  HALT  AvbNUc 

4-  7  MT  C  CAC  OiO  0 

.I'.J  ni  b  rAb  Ibi  £ 

2 

4 

4 

i 

0 

V 

50 

1000 

3.42 

63 

42 

~4 

52  4 

»  ■ 

47  UTI  1  nu  TDCrV  DA 

W  iiILLOn  creek  KD 

UlLLUU  CR  a-1Nq  RO  2 

V 

V 

4 
I 

40 

500 

4.11 

72 

40 

52.2 

1  ■ 

18  OLD  DARBY  ROAD 

4    4    B  UT   U  hAOOV  4 

1-1.0  Hi  N  DARBY  1 

4 

A 
W 

4 

45 

800 

3.42 

63 

IS 

52  1 

J4. 1 

■  ■ 

l7  XYc  CREEK  ROAD 

0  0  C  MT   t  IIP  07  ti 

2-2.5  Hi  E  US  93  0 

U 

A 
V 

J 

45 

800 

3.42 

63 

59  1 

■  ■ 

20  BASS  LANE 

C  MT   CAPT  CAP  0/.0  4 

.5  HI  EAbI  FAS  2o7  1 

0 
4 

A 
U 

A 
V 

40 

400 

5.14 

83 

44 

51  1 

■  ■ 

21  SALISH  TRAIL 

PTI  lirOTUnDU   TUTrDP  4 

blLVERlHuRN  INlERb  1 

A 
U 

4 

1 

4 

1 

40 

600 

3.42 

63 

^U 

Ail  A 

■  ■ 

22  RICKETTS  ROAD 

C   MT   P   ^AUVnU  4 

.5  HI  b  CANYON  CR  I 

4 

1 

4 

4 

54 

1200 

3.42 

63 

09 

44 

17  4 
4/. I 

■  1 

23  HIDDLE  BURNT  FORK 

LOGAN  INTERSECTION  0 

0 
4 

4 

1 

4 

1 

45 

1200 

2.28 

46 

ic 
4j 

IS  L 

■  ■ 

24  HIDDLE  BURNT  FORK 

1.3  HI  E  OF  LOGAN  2 

4 

1 

A 

A 
V 

1  40 

900 

2.28 

46 

10 
47 

IS  S 

■  ■ 

2:  CORvALLIS  HAIN  ST 

i               Akin   f^TfSm^  J 

1ST  -  2ND  STREETS  4 

A 

4 
1 

4 
1 

1  54 

1800 

2.28 

46 

3J 

il  4 

44.1 

■  ■ 

26  rlERIDIAN  ROAD 

1-2  HI  S  VICTOR  1 

A 
0 

2 

2 

1  50 

1800 

1.90 

40 

42 

43.5 

27  OLD  US  93 

.2  HI  N  FLORENCE  1 

2 

A 

0 

A 

0 

1  40 

900 

2.28 

46 

40 

42.3 

28  SKALKAHO  ROAD 

SLEEPING  CHILD  INT  2 

0 

0 

2 

\  45 

2000 

1.37 

31 

52 

41.9 

■  a 

29  GRANTSDALE  ROAD 

BLOOD  LANE  INTER  2 

1 

0 

1 

I  45 

1400 

1.96 

41 

37 

40.7 

30  RICKETTS  ROAD 

BL0D6ETT  INTER  5 

0 

0 

0 

>  50 

1200 

2.85 

55 

16 

40.6 

■        ■  ■ 

31  DUTCH  HILL  RD 

CHERRY  0  TO  .5  UES  1 

1 

1 

2 

>  50 

1400 

2.45 

49 

AA 

22 

40.5 

■  ■ 

32  VICTOR  HAIN  STREET 

HERIDIAN  INTERSECT  0 

2 

0 

2 

I  45 

1500 

1.83 

39 

37 

39.9 

- 

33  GRANTSDALE  ROAD 

GOLF  CRSE  RD  INTER  2 

1 

2 

0 

>  50 

2200 

1.56 

34 

35 

38.6 

34  DORAN  STREET 

.4-.6  HI  S  GOLF  CR  0 

2 

0 

1 

!  40 

1200 

1.71 

37 

40 

38.6 

33  VICTOR  CROSSING  RD 

.5-1.7  HI  E  US  93  1 

0 

0 

3 

\  45 

2200 

1.25 

28 

45 

38.6 

■  ■ 

36  GRANTSDALE  ROAD 

FISH  HATCH  RD  INTE  2 

2 

0 

0 

I  45 

2500 

1.10 

25 

45 

37.5 

37  FAIRGROUNDS  ROAD 

FAS  269  TO  .3  HI  E  1 

0 

2 

'2 

)  50 

2500 

1,37 

31 

35 

37.3 

38  SHEAFHAN  ROAD 

HERIDIAN  INTERSECT  1 

0 

1 

1 

!  40 

1500 

1.37 

31 

40 

36.2 

•  39  AHBROSE  CREEK  ROAD 

.5  HI  EAST  FAS  203  0 

0 

3 

0 

!  40 

1000 

2.05 

42 

22 

35.2 

40  HAHILTON  HEIGHTS 

EASTSIDE  HHY-.3  HI  1 

1 

1 

0 

!  40 

3000 

0.68 

17 

40 

30.9 

TOTALS  =  59 

48 

44 

51 

2o: 

AVE.  YEAR  =  1.5  1.2  1.1  1.3 

1.; 

i  49.0 

1233.8 

3.4 

59.5 

40.2 

50.2 

1  2 


screening  program.      The  cluster  sites  were  ranked  according  to  the 
composite  value  of  the  three  indexes.      A  recommended  list  of  sites 
was  sent   to  Ravalli   County  for  their  approval.      The  list  was 
modified  due  to  overlapping  jurisdiction  and  other  valid  reasons 
and  the  final  list  of  sites  was  approved. 

Phaat  2  -Data  Collaotion  Phaat;    included  preliminary  organi2ation 
of  the  project  including  scheduling,    site  location,    form  process- 
ing,   field  data  collection  and  reduction  of  data.      Accident  data 
was  obtained  from  reports  provided  by  the  Department  of  Justice. 
Traffic  counts  were  taken  at  each  location.      The  existing  average 
daily  traffic  was  determined  by  applying  factors  for  hourly,  daily 
and  monthly  variations.      Historical  traffic  volumes  were  provided 
by  Ravalli  County. 

Other  data  collected  in  the  field  included  measurement  of 
road  widths  and  geometries,    and  inventory  of  traffic  control 
devices,    turning  movement  counts  and  subjective  observation  of 
traffic  operations.      Aerial   photographs   were   used  to  develop 
hori2ontal  alignment. 

Phaaa  3  "  Analyaia  of  Data;      included  the  determination  of  hazard 
indexes  for  each  location  by  using  the  Federal  Highway 
Administration  Report   No.    FHWA-RD-77-83  "Identification  of 
Hazardous  Locations".      Computations  involved  with  accidents, 
volumes,    capacities,    indicator  values  and  other  aspects  of  hazard 
indexes  were  performed  on  the  microcomputer.      From  these 
computations  a  preliminary  hazard  ranking  list  was  prepared. 
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Phatt  4  -  Evaluation  of  Corractiva  Maaauraa  and  Priority  Liating; 
included  the  determination  of  improvements  that  would  reduce  or 
eliminate  certain  types  of  accidents  in  general  at  the  study 
locations.      Preliminary  designs  of  those  improvements  included 
signing,    geometric  changes,      and  reconstruction.      The  improvements 
were  recommended  on  a  short  term  basis.      In  most  cases,    the  nature 
of  the  sites  was  such  that  long  term  improvements  could  not  be 
recommended. 

Cost  effectiveness  calculations  of  the  improvements  at  each 
location  were  determined  by  preparing  preliminary  cost  eatimatea 
and  computing  economic  benefits  to  arrive  at  a  benefit/cost  ratio. 
The  method  used  to  determine  benefit/cost  ratios  is  identical  to 
that  used  by  the  Montana  Department  of  Highways  Project  Planning 
Section.      All  values  used  in  the  formulation  were  supplied  by  Hank 
But2laff,    supervisor  of  that  section.    The  composite  ha2ard  index 
ranking  and  benefit/cost  ratio,    then  determined  the  final  priority 
1  i  s  t  i  ng. 

B  R  R  O  R     A  N  A  L  Y  3  Z  S 

The  analysis  of  high  hazard  accident  sites  by  the  methods 
published  in  FHWA  Report  No.    FHWA-RD-77-83   intrinsically  contains 
some  degree  of  error  due  to  subjective  data  collection  and 
computational  bias.      In  the  application  of  the  method,  certain 
other  innate  errors  appear  in  various  forms. 

A  cursory  analysis  of  these  error  sources  and  the  relative  degree 
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of  effect  each  has  on  the  final  index  ranking  is  represented  in 
this  section. 

SITE  SELECTION 

Site  selection  involved  the  use  of  the  three  major  indexes 
used  in  the  computation  of  ha2ard  indexes.      Therefore,    the  possible 
error  of  not  selecting  the  most  ha2ardous  sites  in  the  county  was 
greatly  reduced. 

NUMBER  OP  ACCIDENTS  INDICATOR 

The  average  number  of  accidents  per  site  was  6.6  which  would 
result  in  an  average  indicator  value  of  54.      Assuming  the  worst 
conditions  for  error  analysis  purposes,    two  reports  may  be 
incorrect  either  by  misplaced  location  or  lost,    which  would  produce 
negative  bias.      This  would  result  in  a  negative  bias  of  10%. 

ACCIDENT  RATE  INDICATOR 

Since  volume  data  for  the  exact   period  of  accident  reporting 
may  not  exist  at  some  locations,    factors  adjusting  past  or  present 
Average  Daily  Traffic  ( ADT)    to  the  analysis  period  were  used. 
Assuming  the  worst  cases  of  no  growth  or  double  growth,    the  actual 
ADT  during  the  reporting  period  would  have  created  a  negative  or 
positive  bias  of  6%  in  the  indicator  value. 

The  volume  capacity  indicator  would  present  a  similar  bias  of 
lessor  magnitude  due  to  ADT  factoring. 


HAZARD  INOBX  BRROR 

Based  on  the  foregoing  assumptions,    the  average  error  in  the 
ha2ard  index  of  62.0  could  be  negative  or  positive.    It  is  unlikely 
that  all  bias  would  be  directed  in  a  positive  or  negative 
direction.      It  is  most  probable  that  compensating  errors  occurred 
in  the  majority  of  instances. 
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HAZARD  XNDBX 


-      ANALYSIS  RESULTS 


Seven  ha2ard  indexes  were  used  as  the  preliminary  basis  of 
ranking  haaardous  sites.      The  following  are  brief  descriptions  of 
each  index  including  data  format,    data  collection,  indicator 
scaling  and  site  ranking  with  respect  to  each  index. 

1.    Numbtr  of  Aoold«nti  -  This  indicator  provides  a  historical 
background  of  accidents  at  the  investigation  site.      In  the  case  of 
Ravalli  County,    a  four  year  period  was  used,    which  included  1985  - 
1988.      The  accident  reports  were  photo  copied  in  Helena  and 
provided  to  the  consultant.      The  data  represents  all  reports  filed 
on  county  roads  in  Ravalli  County. 

Figure  3.    is  a  curve  extracted  from  the  FHWA  report  which  is 
used  to  determine  the  indicator  value.      The  data  base  is  number  of 
accidents  per  year.      This  indicator  as  all  of  the  seven  indicators 
used  in  the  report  is  scaled  between  0  and  100.      An  average  of  two 
accidents  per  year  in  a  three  year  period  indicates  a  hazardous 
location  (indicator  value  of  33).    Ten  accidents  on  the  average  per 
year  is   used  to  designate  a  very  hazardous   location  (indicator 
value  of  67).      In  the  case  of  this  study  where  low  volume  roads 
are  involved,    the  total  accidents  number  of  accidents  per  site 
criteria  was  used  to  extract  the  index  value.      This  higher  value  is 
therefore  more  consistent  with  the  level  of  the  the  other  index 
values.      Using  an  annual  rate  would  scale  down  the  importance  of 
this  indicator  relative  to  other  index  values. 

Table  3  is  the  computer  generated  ranking  of  all  sites  based 
on  this  indicator. 
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TABLE  3.      SITE  RANKING  BY  NUMBER  OP  ACCIDENTS 


TOTAL 

NO. 

RANK 

ACCIDENTS 

/ 

YEAR 

NO. 

ACC. 

NO. 

MA J  UK    KUU 1 c 

85 

86 

87 

88 

ACC. 

I  NDEX 

4 

1 

AT  n  nADnv  Dnin  -  roMO  ROAD 

0 

2 

5 

5 

1  2 

72 

2 

SLEEPING  CHILD  ROAD   -  CURVES 

6 

3 

2 

1 

1  2 

72 

3 

AMBROSE  ROAD 

1 

3 

3 

2 

9 

64 

4 

OLD  CORVALLIS  ROAD  -  CURVES 

2 

1 

3 

0 

6 

54 

5 

MIDDLE  BURNT  FORK  ROAD 

2 

2 

2 

0 

6 

54 

6 

SLEEPING  CHILD  ROAD  -  BEAR  CR 

2 

0 

0 

4 

6 

54 

7 

OLD  U.S.    93   -   S  OP  MISS.  CNTY 

1 

1 

3 

0 

5 

50 

8 

PLEASANT  VIEW  ROAD 

2 

1 

0 

2 

5 

50 

9 

WILLOW  CREEK  ROAD  RXR 

1 

0 

1 

1 

3 

40 

1  0 

OUAST  LANE  RXR 

1 

0 

0 

1 

2 

33 

TOTALS 

1  8 

1  3 

1  9 

1  6 

66 

AVERAGES  > 

1  .  8 

1.31 

.  9 

1  .  6 

6.  6 

54 

2.    Aooidsnb  Rata  Indioator  -  This  indicator  somewhat  compen- 
sates for  any  incomplete  information  provided  by  the  number  of 
accident  indicators,    in  that  an  exposure  value  is  provided  by  the 
relationship  between  accidents  and  the  total  volumes  of  vehicles 
using  the  facility. 

The  data  base  for  this  indicator  is  expressed  as  the  number 
of  accidents  per  million  entering  vehicles.      In  the  case  of  an 
intersection,    "million  entering  vehicles"   is  the  sum  of  the  daily 
average  approach  volumes  on  all  legs  of  the  intersection,  multi- 
plied by  the  number  of  days  in  the  analysis  period. 

The  accident  rate  indicator  is  a  very  important  part  of  the 
hazard  index  ranking  method  and  data  collection  is   possible  only 
when  a  continued  program  of  traffic  counting  has  been  performed. 
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Spot  counts  adjusted  by  yearly  volume  increases,    seasonal  varia- 
tions,   daily  variations  and  hourly  variations  were  necessary  at 
most  of  the  sites  to  develop  an  average  daily  traffic  figure 
applied  to  the  analysis  period.      The  length  of  the  cluster  areas 
was  extremely  variable  in  this  study.      If  the  volumes  were  applied 
on  a  per  site  basis,    the  bias  would  be  toward  the  longer  sections. 
Therefore,    the  indicator  was  used  by  calculating  number  of 
accidents  per  million  vehicles  per  0.  2  mile  sections. 

Figure  4  represents  the  graphic  plot  of  accident  rate  versus 
indicator  value.    As  before,    the  indicator  value  ranges  between  0 
and  1  00. 

Table  4  is  the  computer  generated  ranking  of  sites  based  on 
this  indicator. 

TABLE  4.      SITE  RANKING  BY  ACCIDENT  RATE 


RANK 
NO. 


INTERSECTION  LOCATION 


TOTAL 
ACCIDENTS 
4  YEARS 


1989 
ADT 


4  YEAR  ACCIDENTS 
PERIOD  PER 
AVERAGE  HVE 


ACC  RATE 
IND  VAL 


1  SLEEPING  CHILD  ROAD  -  BEAR  CR 

2  SLEEPING  CHILD  ROAD  -  CURVES 

3  OLD  DARBY  ROAD  -  COHO  ROAD 

4  QUAST  LANE  RXR 

5  HIDDLE  BURNT  PORK  ROAD 

6  RILLOR  CREEK  ROAD  RXR 

7  OLD  U.  3.    93  -  S  OF  MISS,  CNTY 

8  AMBROSE  ROAD 

9  PLEASANT  VIER  ROAD 

10  OLD  CORVALLIS  ROAD  -  CURVES 


6 
1  2 
1  2 
2 
6 
3 
5 
9 
5 
6 


110 
110 
240 
290 
300 
970 
870 
690 
460 
660 


1,  527 


110 
110 
240 
270 
288 
892 
800 
635 
423 


24.  91 
1  8.  68 
5.  71 
5.  07 
2.  85 
2.  30 
1.  71 
1.  62 
1.  62 
0.  90 


100 
1  00 
89 
83 
55 
46 
37 
35 
35 
21 


AVERAGE  VALUES 


7 


570 


530 


7 


100 


1  9 


3.    Aooldtnt  Severity  Indioator  -  Although  there  are  many 
factors  involved  in  the  severity  of  accidents,    statistical  studies 
over  a  significant  number  of  years  have  given  fairly  reliable 
dollar  values  in  terms  of  economic  loss  for  each  type  of  accident. 
The  accident  severity  indicator  correlates  a  probable  cause  and 
effect  relationship  which  aids  in  the  determination  of  the  level  of 
accident  reduction  measures  required.      Severity  values  can  also  be 
used  as  a  determinant  of  benefits  resulting  from  various 
improvements. 

The  data  base  for  accident  severity  is  average  relative 
severity  in  thousands  of  dollars.      Data  collection  necessary  for 
the  use  of  the  severity  index  is  made  possible  by  the  accident 
report  form.      Dollar  values  for  severity  were  provided  by  Hank 
But2laff  of  the  Montana  Department  of  Highways.      They  are: 
Fatal   Accident  =  $500,000,    Injury  Accident   =  $11,000  and  Property 
Damage  Accident  =  $1,500. 

The  FHWA  report   presents   the  relative  severity  index  values 
for  each  type  of  accident.      Once   the  type  of  accident   has  been 
established,    Figure  5  enables  the  user  to  assess  the  indicator 
value.      Figure  5  is  a  graphic  plot  of  the  average  severity  in 
thousands  of  dollars  versus  the  indicator  value  which  is  based  on  a 
scale  of  0  to  100. 

Table  5  is  the  computer  generated  ranking  of  sites  based  on 
this  indicator. 
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TABLE  5.      SITB  RAMKINQ  BY  ACCIDENT  SEVERITY 


SOM  OF         TOTAL  AVERAGE 
RANK  SEVERITY  NO.        SEVERITY  INDICATOR 

NO.      INTERSECTION  LOCATION  VALUES        ACC.  INDEX  VALUE 


1 

SLEEPING  CHILD  ROAD  -  BEAR  CR 

$507, 500 

6 

$84, 583 

100 

2 

AMBROSE  CREEK  ROAD 

$80, 000 

9 

$8, 889 

62 

3 

HILLOR  CREEK  ROAD  RXR 

$23, 500 

3 

$7, 833 

59 

4 

PLEASANT  VIEW  ROAD 

$36,000 

5 

$7, 200 

57 

5 

OLD  CORVALLIS  ROAD  -  CURVES 

$37, 500 

6 

$6, 250 

54 

6 

QUAST  LANE  RXR 

$12,500 

2 

$6, 250 

54 

7 

SLEEPING  CHILD  ROAD  -  CURVES 

$75, 000 

12 

$6, 250 

54 

8 

OLD  DARBY  ROAD  -  COMO  ROAD 

$65, 500 

12 

$5,  458 

51 

9 

OLD  U.  S.    93  -  S  OF  MISS.  CNTY 

$26, 500 

5 

$5, 300 

50 

10 

MIDDLE  BURNT  FORK  ROAD 

$18, 500 

6 

$3, 083 

41 

TOTAL  SEVERITY  $       =  $882, 500 

TOTAL  NO.    ACC.     =  66 

AVE.    SEVERITY  /  ACC.    =  $13,371 

AVE.    IND.    VAL  /  SITE  =  58 


4.    Volum«  to  Capacity  Ratio  Indicator  -  This  indicator  not 
only  produces  exposure  rates  but   also  incorporates  existing 
roadside  features  and  conditions  such  as  traffic  type,  turning 
directions,    volume  mix  and  number  of  lanes. 

Computation  of  the  volume  capacity  indicator  is  expressed  as 
follows: 

V/C     =      ADT/24   HOUR  CAPACITY 
Again  the  low  volume   nature  of  these  sites   would  dilute  the 
relative   importance  of  this   indicator  if  calculated  in  this  manner. 
Therefore,    volume/ capaci ty  calculation  using  the  1985  Highway 
Capacity  Manual  procedures   were  used  and  expressed  as  a  peak  hour 
V/C.      If  the  above   formula  were   used,    the  maximum  index  value  would 
have  been  less  than  10  and  more  than  half  of  the  sites  would  have 
been  at  or  near  zero. 
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Data  required  for  the  volume  capacity  ratio  involves  field 
measurements  of  existing  geometries,    turning  counts  and  volume  mix. 
The  capacity  of  each  section  of  road  or  intersection  is  computed 
through  methodology  presented  in  the  1985   Highway  Capacity  Manual 
using  FHHA  computer  software.      Although  this  indicator  is 
cumbersome  to  use  by  inexperienced  personnel,    its  inclusion  is 
considered  necessary  and  correlates   well   in  hazardous  index 
ranki  ng. 

Figure  6.    presents  a  graphic  plot  of  the  volume  capacity 
ratio  versus  the  indicator  value  which  is  also  scaled  between  0  and 
1  00. 

Table  6.    is  the  computer  generated  ranking  of  the  sites  based 
on  this  indicator. 


TABLE  6.      SITE  RANKING  BY  VOLUME/CAPACITY  RATIOS 


PEAK 

PEAK 

V/C 

RANK 

HOUR 

HOUR 

V/C 

INDICATOR 

NO. 

INTERSECTION  LOCATION 

CAPACITY 

FLOR 

RATIO 

VALUE 

1 

OLD  CORVALLIS  ROAD  -  CQRVES 

621 

166 

0.  27 

50 

2 

RILLOR  CREEK  ROAD  RZR 

449 

97 

0.  22 

3 

PLEASANT  VIER  ROAD 

265 

51 

0.  19 

40 

4 

OLD  0.  S.    93  -  S  OF  MISS.  CNTY 

666 

87 

0.  1  3 

30 

5 

AMBROSE  ROAD 

600 

69 

0.  1  2 

28 

6 

OLD  DARBY  ROAD  -  COHO  ROAD 

305 

24 

0.  08 

21 

7 

QUAST  LANE  RXR 

372 

29 

0.  08 

21 

8 

MIDDLE  BURNT  FORK  ROAD 

404 

26 

0.  06 

18 

9 

SLEEPING  CHILD  ROAD  -  BEAR  CR 

359 

1 1 

0.  03 

11 

10 

SLEEPING  CHILD  ROAD  -  CURVES 

359 

1 1 

0.  03 

1 1 

AVERAGE  VALUES 

440 

57 

0 

27 
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5.    Sight  Diitano«  Indicator  -  This  indicator  is  of 
significant  value  in  rural  locations,    especially  at  intersecting 
roads.      Even  though  the  weighting  factor  in  the  ha2ard  index 
computation  is  low,    it  is  still  considered  valuable  in  determining 
deficiencies  on  unimproved  county  roads. 

The  data  format  for  using  the  sight  distance  indicator  is  the 
ratio  of  actual  sight  distance  to  desirable  sight  distance.  The 
PHWA  report  presents  the  minimum  stopping  sight  distance  on  wet 
pavement  for  the  various  design  speeds.      Actual  stopping  sight 
distance  is  the  distance  from  the  drivers  position  to  the  point 
where  a  stop  may  be  required  to  avoid  a  hazardous  maneuver  or 
direct  collision. 

The  data  format  for  this  indicator  is  the  sight  distance 
ratio  of  actual  over  desirable.      Collection  of  the  sight  distance 
data  requires  field  measurements  of  sight  distance  and 
determination  of  average   travel   speeds.      Figure  7.    presents  a 
graphic  plot  of  the  sight  distance  ratio  versus  the  indicator  value 
which  ranges  from  0  to  100. 

Table  7.    is  the  computer  generated  ranking  of  sites  based  on 
this  indicator. 
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TABLE  7.  SITE  RANKING  BY  SIGHT  DISTANCE 


RANK 

N 

m 

IND 

S 

m 

IND 

E 

RE9 

IND 

y 

REd 

IND 

IND 

NUHBER     INTERSECTION  LOCATION 

SD 

SD 

RATIGVAL 

SO 

SD 

RATIO 

VAL 

SD 

SD 

RATIO 

VAL 

SD 

SD 

RATIO 

VAL 

VAL 

1  OLD  DARBY  ROAD  -  COHO  ROAD 

t25 

250 

0.50 

100 

125 

250 

0.50 

too 

400 

500 

0.80 

56 

100 

2  SLEEPING  CHILD  ROAD  -  BEAR  CR 

100 

250 

0.40 

100 

100 

250 

0.40 

100 

100 

3  PLEASANT  VIEU  ROAD 

250 

400 

0.63 

82 

225 

400 

0.56 

96 

91 

4  SLEEPING  CHILD  ROAD  -  CURVES 

150 

250 

0.60 

88 

150 

250 

0.60 

88 

88 

5  HIDDLE  BURNT  FORK  ROAD 

350 

400 

0.88 

47 

300 

400 

0.75 

62 

300 

650 

0.46 

100 

87 

6  AMBROSE  ROAD 

500 

550 

0.91 

44 

250 

550 

0.45 

100 

400 

275 

1.45 

13 

400 

275 

1.45 

13 

81 

7  UILLOU  CREEK  ROAD  RJ(R 

300 

550 

0.55 

100 

800 

550 

1.45 

13 

500 

275 

1.82 

2 

400 

275 

1.45 

13 

71 

8  OLD  U.S.  93  -  S  OF  HISS.  CNTY 

500 

400 

1.25 

21 

500 

400 

1.25 

21 

400 

650 

0.62 

84 

63 

9  OLD  CORVALLIS  ROAD  -  CURVES 

250 

275 

0.91 

44 

400 

275 

1.45 

13 

300 

275 

1.09 

30 

200 

275 

0.73 

65 

58 

10  8UAST  LANE  RXR 

400 

550 

0.73 

65 

500 

550 

0.91 

44 

800 

400 

2.00 

2 

800 

400 

2.00 

0 

58 

AVERAGE  INDICATOR  VALUE  =  79.8 


6.    Driv«r  Bxp«otancy  Indicator  -  This  indicator  relates  human 
behavior  factors  to  existing  road  conditions.      The  value  of  this 
indicator  is  reali2ed  in  the  fact  that  the  roadway  geometries  and 
roadside  culture  are  evaluated  on  a  human  judgement  basis. 

The  data  format  for  the  driver  expectancy  index  is  the 
problem  rating  scale.      Being  a  subjective   indicator,    the  degree  of 
expectancy  is   rated  on  a  scale   from  1    to  6,    and  the  expectancy 
rating  varies  linearly  with  the  indicator  value  as  shown  in  Figure 
8.    The  expectancy  rating  form  can  be  found  in  the  FHHA  report  for 
further  reference. 

Table  8.    is   the  computer  generated  ranking  of  sites   based  on 
this  indicator. 
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TABLB  8.      SITE  RAMKIMG  BY  DRIVER  EXPECTANCY 


RAMK 

NB 

SB 

EB 

RB 

RGTD. 

IND 

NO. 

INTERSECTION  LOCATION 

RATE 

RATE 

RATE 

RATE 

RATE 

VAL 

1 

AMBROSE  CREEK  ROAD 

6 

6 

6.  0 

100 

2 

PLEASANT  VIEN  ROAD 

5 

6 

5.  5 

92 

3 

RILLOR  CREEK  ROAD  RXR 

6 

5 

5.  5 

92 

4 

QUAST  LANE  RXR 

6 

4 

5.  0 

83 

5 

SLEEPING  CHILD  ROAD  -  BEAR  CR 

3 

6 

4.  5 

75 

6 

MIDDLE  BURNT  FORK  ROAD 

5 

4 

4.  5 

75 

7 

OLD  DARBY  ROAD  -  COMO  ROAD 

6 

4 

3 

4.  3 

72 

8 

OLD  CORVALLIS  ROAD  -  CURVES 

4 

4 

4.  0 

67 

9 

SLEEPING  CHILD  ROAD  -  CURVES 

5 

3 

4.  0 

67 

10 

OLD  U.  S.    93  -  S  OF  MISS.  CNTY 

2 

4 

3.  0 

50 

AVERAGE  INDICATOR 

VALUE 

■ 

77.  2 

7.  Information  Syittm  D«fioi«ncitt  Indioator  -  This  indicator 
also  provides  a  value  or  subjective  judgement  on  the  sufficiency  of 
traffic  control  devices  which  transfer  necessary  information  to  the 
operator. 

The  data  format  for  the  information  system  deficiencies 
indicator  is  similar  to  that  of  the  driver  expectancy  indicator  in 
that  a  value  form  is  used  to  provide  a  rating  between  1    and  6.  The 
rating  for  this   indicator  is  also  plotted  linearly  between  the 
indicator  range  values  of  0  and  100  and   is  shown  on  Figure  9.  The 
value  rating  form  is  for  the   information  system  deficiencies 
indicator.      It   is  also  presented  in  the  FHHA  report   for  further 
reference. 


Table  9.    is  the  computer  generated  ranking  of  sites  based  on 
this  indicator. 
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TiBLB  9.      SITE  RANKIMG  BY  INFORMATIOM  DEFICIENCY 


RANK 

NB 

SB 

EB 

RB 

RQTD. 

IND 

NO. 

INTERSECTION  LOCATION 

RATE 

RATE 

RATE 

RATE 

RATE 

VAL 

1 

PLEASANT  VIEN  ROAD 

6 

6 

6.  0 

100 

2 

SLEEPING  CHILD  ROAD  -  BEAR  CR 

6 

6 

6.  0 

100 

3 

SLEEPING  CHILD  ROAD  -  CURVES 

6 

4 

5.  0 

83 

4 

AMBROSE  CREEK  ROAD 

5 

5 

5.  0 

83 

5 

QHAST  LANE  RZR 

5 

5 

5.  0 

83 

6 

OLD  DARBY  ROAD  -  COMO  ROAD 

6 

5 

4 

5.  0 

83 

7 

RILLOH  CREEK  ROAD  RXR 

5 

4 

4.  5 

75 

8 

OLD  0.  3.    93  -  S  OP  MISS.  CNTY 

4 

4 

4.  0 

67 

9 

MIDDLE  BURNT  FORK  ROAD 

4 

3 

3.  5 

58 

10 

OLD  CORVALLIS  ROAD  "  CURVES 

4 

3 

3.  5 

58 

AVERAGE  INDICATOR  VALUE  «  79. 2 
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HAZARD  RANKZNa 

Ono«  all  of  the  data  had  been  collected  and  the  indicator 
values  computed,    indicator  values  and  necessary  data  were 
transferred  to  the  ha2ard  index  computation  matrix.      Bach  indicator 
is  weighted  in  accordance  with  the  PHWA  report.      The  weighting 
factors  are  fractional  portions  of  unity.      When  all  nine  indicators 
established  in  PHWA  report  are  used,    the  sum  of  weights  is  equal  to 
one.      In  the  case  of  Ravalli   County,    two  indicators  were  omitted, 
the  Traffic  Conflict  Indicator  and  the  Erratic  Maneuvers  Indicator. 
Their  exclusion  from  the  study  was  not  felt  to  be  any  deterrent  in 
the  ranking  of  ha2ardous  sites.      The  use  of  seven  indicators 
provides  an  88.6%  confidence  in  strength  of  evaluation. 

Based  on  the  ha2ard  analysis  for  each  site,    a  matrix  of 
indicator  values  and  final  ha2ard  index  ratings  was  constructed  on 
the  Lotus  system  and  a  ha2ard  index  ranking  was  completed.  Table 
10.      lists  this  ranking  by  site  number,    location,    indicator  values 
and  ha2ard  index.      Also  shown  is  statistical  information  for  the 
indicator  values  and  ha2ard  index. 

During  the  process  of  field  data  collection  and  subsequent 
indicator  computations,    it  was  discovered  that  values  for  the  two 
subjective  indicators  could  vary  widely  between  consecutive 
observations  and  among  non-experienced  observers.      If  Ravalli 
County  continues  this  program,    they  should  retain  traffic  personnel 
who  will  continue  to  update  the  high  ha2ard  priority  list  on  a  long 
term  basis  and  therefore,    these  indicators  should  remain  as  part  of 
the  ha2ard  index  ranking. 
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EXPLANATION     OF  XMPROVBMBNTS 

The  recommended  improvements  presented  within  this  report  are 
of  two  types.      Short   term  improvements   indicate   the  minimum  amount 
of  upgrading  or  modifications  necessary  to  increase  driver 
expectancy  and  to  update  the  site  to  current  standards.      Long  term 
improvements  are  normally  considered  viable  when  severe  conditions 
at  the  site  prevent  short  term  improvements  from  completely 
satisfying  the  control  measures  necessary  to  prevent  future 
problems.      Since  all  of  the  long  term  improvements  are  dependant 
upon  significant  changes  in  the  future  operations  and  most  of  the 
sites  were  not  of  a  nature  that  reliable  predictions  could  be  made, 
no  costs  or  project   ranking  was  completed.      Many  of  the  recommended 
improvements  have  sufficient  latitude  so  that  alternative  measures 
could  be  suggested  during  design.      The  selection  of  recommended 
improvements   was  based  on  subjective  engineering  judgement. 

At  some  of  the  sites,    it   was   noted  that  a  few  traffic  control 
devices   were  not  in  compliance  with  MUTCD.      There  also  may  be 
several   locations  where  deficiencies  may  be  critical  and  should  be 
corrected  as  soon  as  possible. 

The  improvement  sketches   in  all   cases   should  not  be 
considered  design  plans.    The  drawings  are  preliminary  and  are 
intended  to  present  improvement  concepts  only  in  enough  detail  to 
provide  the  measure  of  control  necessary  and  to  provide  cost 
estimates.      In  some  cases,    detailed  survey  data;    design  research; 
design  plans  and  specifications;    and  construction  layout  will  be 
necessary  to  effectively  achieve  the  improvements. 
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BENEFI T/ COST  RATIOS 

Cottt  -  are  developed  by  preliminary  applying  unit  costs  to 
required  quantities  based  either  on  current   prices  as  tabulated 
from  average  bid  prices  of  similar  projects  or,    where  applicable, 
on  prices  established  by  Montana  Department  of  Highways  Project 
Planning  Section.      The  costs  should  in  no  way  be  considered  a  quote 
or  final  estimate  of  actual  work. 

The  following  are  traffic  control  devices  and  allowable  costs 
that  are  eligible  for  funding  by  the  Montana  Department  of  Highways 
through  their  Off-System  Safety  Program: 


Si  gns; 


1 . 

1   square  foot  to  6 

square  feet 

-  $ 

1  00. 

00 

2. 

6. 1   square  feet  to 

10  square  feet 

-  $ 

1  40. 

00 

3. 

10. 1    square  feet  to 

20  square  feet  - 

-  $ 

1  70. 

00 

4. 

supplementary  sign 

on  same  post 

-  $ 

50. 

00 

B.  Deli  neat  or  s: 

1.  Design  ""A"   metal   posts  -  $  9.25 

2.  Design  "A"    flexible  posts-6'  -  $  20.00 

3.  Design  "A"   flexible  posts-27"  -  $  6.00 

C.  Guardrail: 

1.  New  "W   Beam  rail     (per  foot)  -  $  8.00 

2.  "H"   Beam  end  treatment     (each)  -  $1,000.00 

3.  New  concrete  rail     (per  foot)  -  $  16.00 

4.  New  concrete  end  tapers  (per  foot)    -  $  16.00 
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Even  though  Ravalli  County  maintenance  crews  are  capable  of 
performing  a  good  deal  of  work,    costs  related  to  physical  changes 
in  the  roadway  section  are  based  on  contract  prices  in  order  to 
correlate  with  costs  requiring  contract   bid  letting.      The  costs  do 
not  include  administrative,    engineering  or  field  layout  for  the 
recommended  improvements  at  the  one  site  which  would  require  final 
design  plans.      Engineering  design  will  generally  be  required  to 
produce  contract  plans  and  specifications.      These  costs  should  be 
evaluated  prior  to  planning  improvement  projects  requiring  bids. 

B«ntfitt  -  are  estimated  by  applying  accident  reduction 
forecasts  based  on  the  type  of  improvement  recommended.  The 
forecasts  are  based  on  the  subjective  evaluation  by  an  experienced 
traffic  engineer.      This  evaluation  is  aided  by  knowledge  of 
accident  experience  at  similar  locations   with  the  improvements 
existing.      Also  statistical  studies   relating  certain  improvements 
to  accident  reduction  are  used  as  a  guide   ie,    Roy  Jorgenson  and 
Associates,    "Evaluation  of  Criteria  for  Safety  Improvements  on  the 
Highway"   (Washington,    D.  C.  :    U.S.      Bureau  of  Public  Roads,    Office  of 
Highway  Safety,    1966.    p.  316). 

The  forecasted  reduction  is  expressed  as  a  percentage  of  each 
type  of  accident.      This  percentage  is  multiplied  by  the  percentage 
of  all  accidents  represented  by  each  type.      The  total  percent 
reduction  of  all  accidents  at  each  site  is  the  sum  of  all  accidents 
reduction  percentages  for  each  type. 
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The  method  used  to  compute  benefits  in  this  study  follows  the 
Montana  Department  of  Highways  procedures.      Those  procedures  were 
programmed  for  the  Lotus  123  Computer  Software  which  provides  a 
tabular  summary  of  all  variables  in  the  computation. 

If  applied  consistently,    the  economic  benefit  computation  will 
provide  a  realistic  estimate  of  average  economic  savings  to 
society.      The  benefit  amount  should  not  be  interpreted  as  a  dollar 
value  that  Ravalli   County  will  receive  as  a  result  of  dollar 
outlay.      It  is  a  figure  used  to  quantify  the  economic  benefit  to 
society  that  would  occur  if  a  certain  number  of  accidents  did  not 
occur. 

Ratio  -  of  benefits  to  cost  provides  a  numerical  reference  to 
the  relative  value  of  the  recommended  improvements.      It  is  the 
desire  of  any  improvement   project   to  have  a  benefit-cost  ( B/C) 
ratio  in  excess  of  1.0.      If  the  B/C  is   less   than  1.0   the  project 
would  have  questionable  justification.      In  this  study,    none  of  the 
sites  had  a  B/C  less  than  one.      Table  11    is  a  computer  generated 
summary  of  the  B/C  ranking  for  the  study  sites. 
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PRIORITY  INDEX 


The  ranking  of  site  improvement  priorities  cannot  be  directly 
dependent  on  the  hazard  ranking  of  the  study  sites.      The  value  of 
the  improvements  must  enter  into  the  priority  listing  in  the  form 
of  the  benefit/cost  ratio  ( B/C) .      The  method  of  developing  a 
composite  Hazard  Index  -  B/C  listing  must  be  dependent  on  the 
relative  index  scale  used  in  the  hazard  index  computation. 
Therefore,    a  correlation  of  scale  between  the  B/C  ratio  and  hazard 
indicator  value  was  developed  on  the  following  assumptions: 

1.  The  contributing  conditions  creating  hazards  at  each  site 
and  the  resulting  hazard  ranking  is  relatively  independent  of  the 
cost  of  correcting  these  conditions. 

2.  Benefits  to  be  derived  from  correcting  hazardous  situations 
at  each  site  is  indirectly  proportional  to  the  degree  of 
hazardness. 

3.  The  benefit-cost  ratio,    by  virtue  of  benefit  computation, 
is  indirectly  proportional   to  the  number  of  accidents   indicator  and 
severity  indicator,    both  of  which  are  curvilinear  functions. 

4.  The  benefit-cost   ratios  can  be   rated  on  a  scale  of  0  to  100 
based  on  a  curvilinear  function. 

5.  The  B/C  ratio  of  1.0  is  equivalent  to  an  indicator  value  of 
0  and  the  upper  limit  (indicator  value  =   100)    must   be  chosen  to 
encompass  the  majority  of  sites.      In  this  case  a  B/C  of  20.0 
assumes  the  indicator  value  of  100. 

Based  on  these  assumptions  a  graphic  plot  of  the  B/C  ratio 
versus  B/C  indicator  value  has  been  established  and  it  is  shown  in 
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Figure  10.      Since  it  has  been  graphed  on  semi-log  paper  the  line 
appears  linear. 

Since  the  relative  weighting  of  benef i t -cos t s  and  hazardness 
is  a  controversial  subject   which  would  require   research  beyond  the 
scope  of  this  report,    it  is  felt  that  the  priority  index  should  be 
based  on  33%  weighting  for  the  benefit-cost  ratio  and  67%  weight  on 
the  hazard  index.      Therefore,    to  establish  a  priority  index  the 
following  formula  has  been  devised: 

Priority  Index  =  (Hazard  Index)    x  (0.67) 
+  (Cost-Benefit  Indicator)    x  (0.33) 

Table  12.    is  the  computer  generated  summary  of  priority 
ranking  based  on  the  composite  hazard  index  -  benefit/cost  index 
values. 


T4BLB  12.      SITE  RANKING  BY  PRIORITY  INDEX  -  CALCULATION  SUMMARY 


PRIORITY 

HAZARD 

HEIGHTED 

BEN/COST 

HEIGHTED 

PRIORITY 

NUMBER 

INTERSECTION  LOCATION 

INDEX 

VALUE 

INDEX 

VALUE 

INDEX 

1 

SLEEPING  CHILD  ROAD  -  CURVES 

71 .  27 

47.  75 

97 

32.  01 

79.  76 

2 

SLEEPING  CHILD  ROAD  -  BEAR  CR 

81.  10 

54. 

34 

62 

20.  46 

74.  80 

3 

OLD  DARBY  ROAD  -  COMO  ROAD 

70.  69 

47. 

36 

67 

22.  11 

69.  47 

4 

AMBROSE  ROAD 

62.  69 

42. 

00 

77 

25.  41 

67.  41 

5 

PLEASANT  VIER  ROAD 

61 .  95 

41  . 

51 

55 

18.  15 

59.  66 

6 

OLD  C0R7ALLIS  ROAD  -  CURVES 

48.  74 

32. 

66 

66 

21.  78 

54.  44 

7 

QUAST  LANE  RXR 

62.  07 

41 . 

59 

33 

10.  89 

52.  48 

8 

RILLOH  CREEK  ROAD  RXR 

59.  06 

39. 

57 

36 

11.  88 

51.  45 

9 

OLD  0.  S.    93  -  S  OF  MISS.  CNTY 

48.  17 

32. 

27 

48 

15.84 

48.  1 1 

10 

MIDDLE  BURNT  FORK  ROAD 

54.  60 

36. 

58 

15 

4.  95 

41.  53 

AVERAGE  VALUES  : 

62.  03 

41 . 

56 

55.  60 

18.  35 

59.  91 

STANDARD  DEVIATIONS  : 

9.  78 

6. 

56 

22.  48 

7.  42 

11.  82 

PRIORITY  INDEX  =  (HAZARD  IND.  x  .67)    +  (BEN/COST  IND. x  .33) 
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Z  MPLBMBHTATZ  ON 


Within  Table  13,    the  priority  lists  have  been  arranged  in  a 
manner  in  which  budget  considerations  can  readily  be  applied  in  the 
decision  to  proceed  with  improvements.      The  priority  ranking  was 
the  major  consideration  in  selecting  which  sites  will  be  receiving 
funds  first.      Since  limited  funds  are  available,    it  is  necessary 
to  skip  over  a  few  higher  priority  projects  to  improve  a  greater 
number  of  sites  as  soon  as  possible.      The  listing  assumes  that 
eligible  project  costs  will  be  funded  by  NDOH  Off-system  Safety 
funds.      The  HDOH  project  funding  limit  is  less  than  $  10,000  per 
project  period,    or  else  formal  bid  letting  procedures  would  be 
required  by  HDOH.      This  dollar  figure  is  used  as  the  criteria  to 
define  construction  groupings.      The  estimated  costs  not  covered  by 
MDOH  funds  are  considered  County  funding  requirements.      If  Ravalli 
County  forces  perform  this  work,    the  actual  costs  would  probably  be 
much  less. 

There  is  no  timetable  given  for  these  improvements.      It  may  be 
conceivable  that  MDOH  could  fund  more  than  one  of  the  site  groups 
in  a  single  year,    depending  on  available  funding.      The  County  will 
want  to  request  funding  from  MDOH  by  submitting  this  report  to 
Steve  Rologi,    P.  E.  ,    Administrator,    Program  Development  Coordinator. 
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TABLE  13.        PROJECT  IMPLEMEMTATIOM  GROUPINGS 


M.  D.  0.  H. 

PRIORITY 

COST 

ELIGIBLE 

COUNTY 

NOHBER 

LOCATION 

ESTIMATE 

FUNDS 

FUNDS 

sssssasasss 

4 

1 

RCPTNR  CHILD  ROAD  A  7  HILES 

$4»  270. 00 

$3,  570.  00 

$700. 00 

CCPTNn  mTLD  ROAD  -BEAR  CREEK 

d1.680  00 

$1 . 320  00 

$360  00 

3 

OLD  DARBY  ROAD  -  COHO  ROAD 

$6,  950.  00 

$2, 790. 00 

$4, 160. 00 

6 

OLD  CORVALLIS  ROAD 

$6,  480.  00 

$1, 640. 00 

$4, 840. 00 

7 

QOAST  LANE  RXR 

$3,996.00 

$0.  00 

$3, 996. 00 

8 

RILLOR  CREEK  RD  RXR 

$12, 046. 00 

$150.  00 

$11, 896. 00 

CONSTRUCTION  GROUP  #1     TOTALS  = 

935, 422. 00 

do    ki  i\  nn 
99,  4 /U.  00 

929, 992. 00 

4 

AMBROSE  ROAD 

$8,  290.  00 

$2,  750.  00 

$5, 540. 00 

5 

PLEASANT  VIER  ROAD 

$8,  1  20.  00 

$2, 920. 00 

$5,  200.  00 

9 

OLD  U.  S.  93 

$3,  570.00 

$1, 270. 00 

$2,  300.  00 

10 

MIDDLE  BURNT  FORK  ROAD 

$11, 040. 00 

$2, 980. 00 

$8, 060. 00 

CONSTRUCTION  GROUP  #2  TOTALS  = 

$31 , 020. 00 

$9, 920. 00 

$21, 100. 00 

ssa  =  eaas=: 

TOTAL  ALL  CONSTRUCTION  = 

$66, 442. 00 

$1  9,  390.  00 

$47, 052. 00 
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PROQRAM  CONTINUATION 


Since  the  basic  format  of  the  study  has  been  outlined  and  an 
initial  priority  list  established,    continuance  of  the  program  is 
strongly  advised.      The  findings  and  recommendations  of  this  study 
will  soon  become  obsolete  without  continued  updating  at  least  on  an 
annual  basis. 

The  following  recommendations  in  the  continuance  of  the 
program  are  offered  to  Ravalli  County: 

1.  The  Department  of  Justice  should  continue  to  be  assessed 
for  copies  of  accident  reports. 

2.  One  person  should  be  assessed  with  the  responsibility  of 
the  program  to  insure  that  all  data  is  being  supplied,  processed 
and  filed. 

3.  An  accident   cluster  map  should  be  maintained. 

4.  Criteria  should  be  developed  for  the   inclusion  of 
additional  sites  to  be  analyzed. 

5.  Coordinate  any  traffic  counting  programs   that  may  exist  or 
establish  a  counting  program. 

6.  Analyze  new  sites  according  to  the   procedures  of  this  study 
and  include  them  in  the  priority  list  when  warranted. 

All  of  the  data  processing  and  storage  can  be  handled  by  the 
Lotus  123  software.    If  an  IBM  compatible  computer  is  available  for 
use  by  the  county,    a  copy  of  the  data  disk  has  been  provided. 
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FIGURE    4.      ACCIDENT  RATE  INDICATOR 
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FIGURE    S.      ACCIDENT  SEVERITY  INDICATOR 
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FIGURE    6.      \J/C    RATIO  INDICATOR 
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FIGURE     7.       SIGHT  DISTANCE  INDICATOR 
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FIGURE    S.       INFORMATION  DEFICIENCY  INDICATOR 
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FIGURE 
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DRIVER  EXPECTANCY  INDICATOR 


FIGURE  10.      BENEFIT/COST  RATIO 
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SITE  DESCRIPTION 

Sleeping  Child  Road  is  a  rural   mountain  road  uhich  provides 
access  to  camp  sites,   small   farms  and  a  resort  type  business  at 
the  southern  end  of  the  road.     It   begins  at  an  intersection  uith 
Skalkaho  Road,   just   south  of  Hamilton  and  uest  of  Grantsdale.  It 
proceeds  in  a  southeast  direction  for  approximately  11  miles,  and 
ends  at  the  Sleeping  Child  Hot  Springs  parking  lot.     The  first  6.5 
miles  of  this  road  are  paved  ,  uhile  the  remainder  of  the  road  is 
a  gravel  surface. 

EXISTING  CONDITIONS 

Geometries*     The  site  geometries  are  shoun  in  the  existing 
condition  sketch.     Accident   cluster  areas  are  spread  out  among  the 
first  series  of  curves  starting  at   the  end  of  the  pavement  and 
extending  approximately  0.8  miles  to  the  southeast.     The  paved 
section  of  road  has  an  extended  tangent   prior   to   the  first  right 
hand  curve.     The  pavement   ends   just   prior  to  the  start   of  the 
reverse  curve  to  the   left.     The  gravel   road  varies  in  uidth  from 
26  to  46  feet   throughout   this  section.   The  grade  is  a  fairly 
constant  2-3*4  raising  to  the  southeast   as   it  uinds  along  the 
canyon  floor  adjacent   to  the  creek.     Trees   line  the  roaduay  and 
often  infringe  upon  the  shoulders. 
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Traffic  Control  Devices.     The  only  traffic  control  devices 
in  this  section  are  a  "Pavement  Ends"  sign  and  a  "Uinding  Curve  - 
Next  5  Miles"  sign  for  the  southbound  direction.     Both  signs  are 
located  on  the  paved  section  of  roaduay.     The   "Pavement  Ends"  sign 
is  obscured  by  vegetation  and  is  in  poor  condition.     The  "Uinding 
Curves"  sign  is  inherently  vague,   but   its   location  does  nothing  to 
uarn  of  the  immediate  dangers  pending. 


Traffic  Volumes.     The  current  traffic  volume  on  this  section 
of  roaduay  is  approximately  110  vehicles  per  day.     Traffic  volumes 
throughout  the  past  four  years  have  probably  remained  relatively 
constant.     County  counts  in   1988  indicated  the  same   level.  The 
directional   split  on  this  roaduay   is  approximately  A0Z-60Z  uhich 
means  that  at  certain  periods  of  the  day,  ^0'4  of  the  vehicles  are 
going  in  one  direction  uhile  the  remainder  are  headed  in  the 
other. 

Traffic  Operations.     No  serious  conflicts  uere  observed  on 
this  section  of  roaduay.       Traffic  volumes  are  so   1 ou  that   it  is 
difficult   to  determine  driver  and  vehicle  reaction  to  the 
situations  encountered.     From  the  Engineer's  perspective  during 
subjective  evaluations  at  the  site,   it  uas  noted  that  several 
factors  have  combined  to  create  potential   problems  at   this  site. 

1.  The  roaduay  geometries  at   the  first   curve  site  are 
extreme  in  comparison  to  the  previous  section  of  paved  road. 

2.  The  paved  section  north  of  the  site  gives  a  false 
impression  of  the  road  ahead.     Even  uith  the  uarning  sign  you 


uould  not  expect  the  pavement  to  end  in  the  middle  of  reverse 
curves  and  you  cannot  visually  perceive  the  end  of  pavement. 

3.  Uarning  signs  only  advise  of  curves  in  general.  The 
unfamiliar  motorist  must  traverse  the  first  curves  to  determine 
hou  to  drive  them.     In  this  case  the  first   curves  are  the  uorst . 

4.  The  gravel   sections  have  developed  a  uashboard  surface 
that  causes  loss  of  control   even  at   1 ou  speeds  (20-30  HPH) . 

Accidents*     The  collision  diagram  and  accident  statistics 
tables  shoun  on  the  existing  condition  sketch  indicates  that  there 
uere  tuelve  accidents  recorded  in  the  four  year  study  period. 
There  seems  to  be  a  dounuard  trend  in  the  annual   number  of 
accidents  uith  6  occurring  in   1985  and  only   1   in  1988.     All   of  the 
accidents  uere  single  vehicle  accidents  and  5  of  them  uere 
directly  attributable  to  the  uashboard  condition  of  the  road 
surface . 

The  majority  of  accidents  occurred  on  dry  roads  in  fair 
ueather  conditions.     A  small   majority  of  accidents  occurred  during 
nighttime  conditions.     Property  damage  accidents  and  injury 
accidents  occurred  uith  the  same  freguency.     Alcohol   use  had  no 
involvement  uith  any  of  the  accidents. 

SHORT  TERM  IMPROVEMENTS 

Suggested  improvements  at   this  site  strive  to  reduce  the 
effects  of  the  above  noted  problems.     Proper  curve  uarning  signs 
indicating  the  degree  of  severity  of  the  first  curve  in  the  series 
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is  important  and  uill   do  more  to  slou  approaching  traffic  than  the 
pavement  ending  sign.     The  winding  curve  sign  should  be  moved  past 
the  first  curve  so  that   drivers  do  not   have  to  trv  to  perceive  its 
meaning  uhile  trying  to  negotiate  through  a  difficult  area. 
Delineation  along  the  remainder  of  the  site  curves  uill  provide 
positive  guidance  especially  during  inclement  ueather  or  during 
nigh  time  conditions.     Increased  maintenance  on  the  road  surface 
uill   improve  control   of  vehicle  dynamics,   especially  for  southeast 
bound  traffic.     Application  of  additional   gravel   on  the  curve 
sections  should  probably  not  be  continued  since  it  only  reduces 
vehicle  control   in  its  loosened  state.     If  anything,  a  gravel  road 
mi-x  surface  coarse  uith  more  fines  should  be   layed  and  compacted 
and/or  double  penetration  asphalt  applied. 

The  cost  of  these  improvements  is  estimated  to  be 
approximately  $4,270  based  on   1989  unit   bid  contract   prices  and 
MDOH  fund  eligible  prices. 

Long  term  improvements  at   this  site  are  indicated  on  the 
short   term  improvement   sketch.     The  uidening  and  paving  of  the 
first  curve  after  the  existing  pavement   end  uould  eliminate  the 
number  of  situations  encountered  by  motorists  approaching  this 
section  and  the  end  of  pavement  uould  be  highly  visible. 

BENEFITS 

The  annual   dollar  benefit   that  may  be  realized  from  the 
short  term  improvements  is  computed  to  be  approximately  $24,126 
annually.     The  benefit/cost   ratio  is  computed  according  to 
accepted  methods  at   18.19,     highest  of  all   the  study  sites. 
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SLEEPING  CHXLD  RD  SJ  BEAR  CREEK 
PRXORXTV     NUMBER  2 


SITE  DESCRIPTION 

Sleeping  Child  Road  is  a  rural  mountain  road  uhich  provides 
access  to  camp  sites,  small   farms  and  a  resort  type  business  at 
the  southern  end  of  the  road.     It  begins  at  an  intersection  uith 
Skalkaho  Road,  just  south  of  Hamilton  and  west  of  Grantsdale.  It 
proceeds  in  a  southeast  direction  for  approximately  11  miles,  and 
ends  at  the  Sleeping  Child  Hot  Springs  parking  lot.     The  first  6.5 
miles  of  this  road  are  paved   ,  uhile  the  remainder  of  the  road  is 
a  gravel   surface.     This  accident  site  is  located  just  north  of  the 
resort  parking  lot  near  the  end  of  the  road  and  is  approximately 
0.3  miles  in  1 ength . 

EXISTING  CONDITIONS 

Geometries*     The  site  geometries  are  shoun  in  the  existing 
condition  sketch.     Accident  cluster  areas  are  located  at  the 
bridge  crossing  of  Bear  Creek  and  at  a  curve  east  of  the  bridge  at 
the  bottom  of  a  hill.     The  roaduay  going  to  the  resort  parking  lot 
south  of  the  first  cluster  area  is  on  an  IIZ  grade.     The  sharp 
curve  is  at  the  bottom  of  this  grade.     The  remainder  of  the 
roaduay  uest  and  north  of  this  curve  is  on  a  3Z  grade. 

The  gravel   roaduay  ranges  in  uidth  from  17  feet  to  31  feet. 
The  roaduay  veers  from  its  alignment  along  the  creek  to  cross 
a  bridge  uhich  crosses  the  creek  at  a  90  degree  angle.  The 
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approach  curves  to  this  bridge  are  extremely  sharp.  Roadside 
vegetation  infringes  on  the  roaduay  all  along  this  site  and  fairly 
uell   hides  the  course  of  the  road. 


Traffic  Control  Devices.     The  only  traffic  control  devices 
in  this  section  are  a     "Uinding  Curve  -Next  5  Miles"  sign  for  the 
northbound  direction,  hazard  markers  on  the  bridge  ends,  weight 
limit  signs  for  the  bridge  and  a  directional   arrou  panel.  The 
"Uinding  Curves"  sign  is  inherently  vague,   but   its  location  does 
nothing  to  uarn  of  the  immediate  dangers  pending.     The  hazard 
marker  signs  are  ineffective  because  they  are  not  visible  until 
the  hazard  is  also  in  plain  site.     The  directional   arrou  panel  is 
not   located  in  line  uith  the  approaching  direction  of  travel  uhich 
further  distorts  the  correct  alignment. 


Traffic  Volumes*     The  current  traffic  volume  on  this  section 
of  roaduay  is  approximately  110  vehicles  per  day.     Traffic  volumes 
throughout   the  past   four  years  have  probably  remained  relatively 
constant.     County  counts  in  1988  indicated  the  same  level.  The 
directional   split  on  this  roaduay  is  approximately  ^0Z-60Z  uhich 
means  that  at  certain  periods  of  the  day,  40?^  of  the  vehicles  are 
going  in  one  direction  uhile  the  remainder  are  headed  in  the 
other.  b 
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Traffic  Operations.     No  serious  conflicts  uere  observed  on 
this  section  of  roaduay.      Traffic  volumes  are  so  1 ou  that  it  is 
difficult  to  determine  driver  and  vehicle  reaction  to  the 
situations  encountered*     From  the  Engineer's  perspective  during 
subjective  evaluations  at  the  site,   it  uas  noted  that  several 
factors  have  combined  to  create  potential   problems  at  this  site. 

!♦     The  roaduay  geometries  at  the  bridge  site  are  extreme  in 
comparison  to  the  previous  section  of  road. 

2.  The  bridge  alignment   is  so  radically  different  than  the 
roaduay  that  even  if  it  could  be  seen  in  advance,   the  proper 
vehicle  path  could  not  be  visualize  until   a  driver  uas  right  at 
thesite. 

3.  The  dounhill   grade  approach  to  the  first  sharp  curve 
north  of  the  resort   is  extreme  even  uhen  road  conditions  are  good. 
Difficulty  in  keeping  vehicle  speed  1 ou  is  complicated  by  the  90 
degree  curve  at  the  bottom  of  the  hill   and  the  exact  alignment  of 
the  roaduay  is  not  obvious  since  it  takes  a  turn  to  the  right 
before  turning  left. 

Accidents*     The  collision  diagram  and  accident  statistics 
tables  shoun  on  the  existing  condition  sketch  indicates  that  there 
uere  six  accidents  recorded  in  the  four  year  study  period.  The 
accidents  seem  to  be  erratic.     Tuo  uere  recorded  in  1985  and  the 
remaining  four  uere  in  1988.     All   of  the  accidents  uere  single 
vehicle  accidents  and  4  of  them  uere  directly  attributable  to  the 
condition  of  the  road  surface. 
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The  majority  of  accidents  occurred  on  icy  roads  in  fair 
ueather  conditions*     Accidents  uere  split  betueen  day  and  night 
time  conditions.     Property  damage  uas  the  result  of  5  accidents 
uhile  1  accident  produced  a  fatality. 

SHORT  TERM  IMPROVEMENTS 

Suggested  improvements  at  this  site  strive  to  reduce  the 
effects  of  the  above  noted  problems.     Proper  curve  uarning  signs 
indicating  the  degree  of  severity  of  the  first  curve  at  the  bottom 
of  the  hill  and  at  the  bridge  approaches  is  critical   in  this  case. 
Proper  delineation  of  the  roaduay  path  combined  uith  the  advanced 
uarning  will  greatly  aid  motorists  in  negotiating  the  tricky 
geometries  encountered  at  this  site.     Also,   removal   of  key  trees, 
bushes  and  vegetation  to  give  motorists  an  unimpeded  vieu  of  the 
road  alignment  ahead  uill   decrease  the  element  of  surprise. 

As  uith  the  other  Sleeping  Child  Road  site,  increased 
maintenance  on  the  road  surface  uill   improve  control   of  vehicle 
dynamics. 

The  cost  of  these  improvements  is  estimated  to  be 
approximately  $1,680  based  on  1989  unit  bid  contract  prices  and 
nOGH  fund  eligible  prices. 

Long  term  improvements  at  this  site  are  probably  impractical 
due  to  the  extreme  topographic  constraints  in  the  area  and  the 
small  volume  of  traffic  that  the  road  serves. 
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BENEFITS 

The  annual  dollar  benefit  that  may  be  realized  from  the 
short  term  improvements  is  computed  to  be  approximately  $3,484 
annually.     The  benefit/cost  ratio  is  computed  according  to 
accepted  methods  at  6.41»  uhich  makes  it  a  desirable  project 
considering  the  1 ou  capital  investment. 
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OLD  DARBV  ROAD  —  COMO  LAKE  ROAD 
PRXORXTV     NUMBER  3 


SITE  DESCRIPTION 

Old  Darby  Road  is  a  rural   road  uhich  uinds  through  the 
foothills  parallel   to  U.S.  93  just  north  of  Darby.     It  provides 
access  to  camp  sites,  small   farms  and  a  recreation  at  Como  Lake 
west  of  Old  Darby  Road.     It  begins  at  an  intersection  uith  U.S.  93 
approximately  0.6  miles  north  of  the  Como  Lake  Road  and  proceeds 
south  3.7  miles  until   it   intersects  U.S.  93  once  again. 

The  accident  cluster  area  begins  approximately  0.3  mile 
north  of  the  Como  Lake  Road  intersection  and  extends  1.2  miles  to 
thesouth. 

EXISTING  CONDITIONS 

Geometries*     The  site  geometries  are  shoun  in  the  existing 
condition  sketch.     Accident  cluster  areas  are  located  primarily  on 
the  numerous  curves  along  its  alignment.     Curves  vary  in  sharpness 
throughout  the  section.     The  only  extended  sections  of  tangent 
alignment  occur  on  the  northern  end  of  the  site. 

For  the  majority  of  its  length,  Old  Darby  road  is  a  22  foot 
gravel   road.     The  southern  end  of  the  section  is  paved,   but  the 
horizontal  alignment   is  similar  to  the  gravel   section.  Vertical 
alignment  can  best  be  described  as  undulating  uith  most  grades 
never  exceeding  2%  except  for  very  short  distances  at  bridge  and 
culvert  crossings.     Several   small   streams  cross  the  road  through 
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culverts  and  a  minor  bridge.  Vegetation  infringes  on 
and  in  one  case,  a  24"  diameter  pine  tree  is  grouing 
roaduay' s  shoulder. 


the  roaduay 
uithin  the 


Traffic  Control  Devices*     The  only  traffic  control  devices 
in  this  section  are  a     "One  Lane  Bridge"  signs  intersection 
warning  signs,  a  stop  sign  on  Como  Lake  Road  and  hazard  markers  on 
the  bridge  ends  and  culvert  headualls.     Almost  all   of  the  signs 
are  hidden  from  vieu  by  roadside  vegetation.     They  are  visible 
from  certain  perspectives  but  not  from  the  point  uhich  uould 
convey  an  advanced  warning. 

Traffic  Volumes*     The  current  traffic  volume  on  this  section 
of  roadway  is  approximately  240  vehicles  per  day.     Traffic  volumes 
throughout  the  past  four  years  have  probably  remained  relatively 
constant.     County  counts  in  1988  showed  approximately  140  vehicles 
per  day.  but  no  factor  for  lOOZ  growth  is  evident.     From  the 
location  and  function  of  the  road,  a  240  vehicle  count  would  be 
more  accurate  to  account  for  all   seasonal   and  hourly  variations. 
The  directional   split  on  this  roadway  is  approximately 
which  means  that  at  certain  periods  of  the  day,  405s  of  the 
vehicles  are  going  in  one  direction  while  the  remainder  are  headed 
in  the  other. 
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Traffic  Operations.     No  serious  conflicts  uere  observed  on 
this  section  of  roaduay  other  than  extreme  visibility  problems 
caused  by  dust  kicked  up  by  traffic.     Traffic  volumes  are  so  1 ou 
that  it   is  difficult  to  determine  driver  and  vehicle  reaction  to 
the  situations  encountered.     From  the  Engineer's  perspective 
during  subjective  evaluations  at  the  site,   it  uas  noted  that 
several   factors  have  combined  to  create  potential   problems  at  this 
si  te . 

1.  The  roaduay  geometries  at  the  bridge  site  and  culvert 
sites  are  extreme  since  the  road  bends  and  turns  to  approach  these 
structures  at  a  90  degree  angle.     The  mini  curve  sections  tend  to 
obscure  vision  of  the  approaching  roaduay.     Vehicles  normally 
travel   in  the  most  direct  route  in  this  area  even  if  they  have  to 
drive  on  the  urong  side  of  the  road. 

2.  Sharp  curves  follou  long  sections  of  tangent   in  at  least 
tuo  locations.     This  situations  tends  to  make  the  driver  more 
comfortable  uith  the  roaduay  than  he  should  be. 

3.  The  uashboard  road  surface  causes  complete  loss  of 
vehicle  control   especially  on  the  northern  end  of  the  section. 

4.  The  southern  most  curve  is  a  compound  curve  combining  a-, 
large  radius  folloued  by  a  small   radius  in  the  south  bound 
direction  uhich  leads  a  driver  into  the  sharp  portion  of  the  curve 
at  speeds  much  too  high  for  control   of  the  vehicle. 

Accidents*     The  collision  diagram  and  accident  statistics 
tables  shoun  on  the  existing  condition  sketch  indicates  that  there 
uere  tuelve  accidents  recorded  in  the  four  year  study  period.  The 
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accidents  seem  to  be  increasing.     None  uere  recorded  in  1985  and 
five  each  uere  recorded  in  1987  and  1988.     All   but  tuo  of  the 
accidents  uere  single  vehicle  accidents  uhile  tuo  of  them  uere 
headons . 

The  majority  of  accidents  occurred  on  dry  roads  in  fair 
ueather  conditions.     Accidents  occurred  mostly  during  the  daylight 
hours.     Property  damage  accidents  uere  the  major  result  uhile  five 
accidents  produced  injuries. 

SHORT  TERtt  inPROVEMENTS 

Suggested  improvements  at  this  site  strive  to  reduce  the 
effects  of  the  above  noted  problems.     Proper  curve  uarning  signs 
indicating  the  degree  of  severity  of  the  sharpest  curves  are 
needed.     Proper  delineation  of  the  roaduay  path  combined  uith  the 
advanced  uarning  uill   greatly  aid  motorists  in  negotiating  the 
tricky  geometries  encountered  at  this  site.     Also,  removal   of  key 
trees,  bushes  and  vegetation  to  give  motorists  an  unimpeded  vieu 
of  the  road  alignment  ahead  uill   decrease  the  element  of  surprise 
and  reduce  the  severity  of  single  vehicle,   off-road  accidents  . 
The  use  of  supplementary  road  name  plates  on  the  advanced 
intersection  uarning  signs,  as  provided  for  in  the  M.U.T.D.C  uill 
greatly  aid  drivers  in  recognizing  the  location  of  the  approach 
and  in  planning  the  turning  maneuver. 

The  concrete  headualls  on  the  culvert  crossings  not  only 
present  a  roadside  hazard,   but  the  alignment  of  the  road  is 
dictated  by  their  location.     There  is  no  effective  uay  of  signing 
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to  prevent  potential  accidents  in  this  case.     Therefore,   it  is 
recommended  that  the  headualls  be  removed  and  culvert  extensions 
uith  tapered  end  sections  be  installed.     This  uill  allou  some 
latitude  in  straightening  the  roaduay  alignment  and  regrading  the 
bridge  approaches. 

As  uith  other  gravel   road  sites,   increased  maintenance  on 
the  road  surface  uill   improve  control   of  vehicle  dynamics. 

The  cost  of  these  improvements  is  estimated  to  be 
approximately  $9,950  based  on  1989  unit  bid  contract  prices  and 
NDOH  fund  eligible  prices.     The  physical   reconstruction  should  be 
much  less  if  county  creus  performed  the  uork. 

Long  term  improvements  at  this  site  are  probably  impractical 
due  to  the  extreme  topographic  constraints  in  the  area  and  the 
small  volume  of  traffic  that  the  road  serves. 

BENEFITS 

The  annual   dollar  benefit  that  may  be  realized  from  the 
short  term  improvements  is  computed  to  be  approximately  $14,620 
annually.     The  benefit/cost  ratio  is  computed  according  to 
accepted  methods  at  7.56,  uhich  makes  it  a  very  desirable  project. 
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SHORT  TERM  IMPROVEMENTS 
ANNUAL  PERCENTAGE  ACCIOENT  REDUCTION  BY  TYPE 


SITE  LOCATION  : 


OLD  DARBY  ROAD  -  COMO  ROAD 
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RAVALLI  COUNTY 
TRAFFIC  SAFETY  STUDY 


OLD  DARBY  ROAD  -  COMO  RO 
SHORT  TERM  IMPROVEMENTS 


AMBROSE  ROAD 
PRXORXTV     NUMBER  A 


SITE  DESCRIPTION 

Ambrose  Road  is  a  rural   east-uest  road  uhich  is  located 
approximately  3  miles  north  of  St evensvi 1 1 e .     It  provides  access 
to  farms,  rural   residences  and  forested  areas  east  of  the  site. 
It  begins  at  an  intersection  uith  the  Eastside  Highuay   ,FAS  203, 
at   its  uestern  terminus  and  extends  eastuard  for  approximately  10 
miles  uhere  it  ends  in  the  Bitteroot  National  Forest. 

The  accident  cluster  area  begins  approximately  0.5  miles 
east  of  the  Eastside  Highuay.  It  covers  a  length  of  approximately 
1.5  miles  and  includes  three  primary  intersections  in  its  length. 

EXISTING  CONDITIONS 

Geometries*     The  site  geometries  are  shoun  in  the  existing 
condition  sketch.     Accident  cluster  areas  are  located  primarily  on 
the  reverse  curve  alignment  and  at   intersections.     The  roaduay  is 
paved  24  feet   in  uidth  and  has  variable  shoulder  uidths  and  ditch 
slopes.     In  the  middle  of  the  section  the  tangent  roaduay  section 
veers  from  its  location  on  the  south  side  of  a  pouer  line  to  a 
location  on  the  north  side  of  the  pouer  line.     This  alignment  jog 
apparently  exists  because  of  a  creek  bed  that  meanders  to  the 
north  in  this  area. 

There  are  numerous  access  points  to  Ambrose  Road  uithin  this 
section.     Three  main  intersections  exist  at  Tripp  Lane,  Illinois- 
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Bench  Road  and  Hoover  Lane.     Tripp  Lane  is  a  "T"  intersection 
uhile  Hoover  and  Illinois-  Bench  are  four  legged  intersections. 
The  Hoover  Lane  intersection  occurs  in  the  middle  of  a  reverse 
curve.     Ve   station  grouth  at  this  intersection  presents  the  most 
severe  sight  distance  restriction  throughout  the  section. 
However,  ground  vegetation  along  the  roaduay  is  tall   enough  to 
restrict   line  of  sight  at  other  locations  in  this  site. 

The  approach  roads  have  gravel   surfaces.     The  gravel  abuts 
the  paved  shoulder  of  Ambrose  Road.     This  situation  causes  gravel 
to  kick  onto  the  paved  surface  of  Ambrose  Road.     Ambrose  Road 
pavement  is  especially  irregular  in  these  intersection  areas. 

Traffic  Control  Devices*     The  only  traffic  control  devices 
in  this  section  are  stop  signs  at  the  road  approaches,  curve 
uarning  signs  uith  supplementary  plates  at   the  reverse  curves  and 
a  speed  limit  sign.     No  pavement  markings  are  visible  in  the  area. 

Traffic  Volumes*     The  current  traffic  volume  on  this  section 
of  roaduay  is  approximately  690  vehicles  per  day.     Traffic  volumes 
throughout  the  past  four  years  have  probably  increased  by 
approximately  45i.     County  counts  in  1988  shoued  approximately  113 
vehicles  per  day,  near  the  eastern  terminus  of  the  road,  at  least 
five  miles  east  of  the  site.     From  the  location  and  function  of 
the  road,  a  690  vehicle  count  uould  be  accurate  to  account  for  all 
seasonal  and  hourly  variations.     The  directional   split  on  this 
roaduay  is  approximately  405j-605j  uhich  means  that  at  certain 
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periods  of  the  day.  405i  of  the  vehicles  are  going  in  one  direction 
uhile  the  remainder  are  headed  in  the  other. 

Traffic  Operations.     Serious  potential   conflicts  uere 
observed  on  this  section  of  roaduay  during  the  field  revieu. 
Also,  from  the  Engineer's  perspective  during  subjective 
evaluations  at  the  site,   it  uas  noted  that  several   factors  have 
combined  to  create  potential   problems  at  this  site. 

1.  The  jog  in  the  alignment  presents  a  critical   miscue  to 
drivers.     The  roadside  environment,   the  tangent  alignment  and  flat 
road  surface  all   combine  to  present  an  illusion  that  the  road 
continues  straight.     This  illusion  over  shadows  any  of  the  signing 
in  place.     The  signing  only  warns  of  curves  ahead.     The  judgement 
of  uhen  it  curves  is  left  entirely  to  the  driver's  perception  of 
physical   cues.     This  is  extremely  critical   at  night. 

2.  The  intersection  at  Hoover  Lane  is  not  only  over  groun 
uith  vegetation,  but   its  location  in  the  reverse  curve  creates 
sight  distance  problems. 

3.  Gravel   on  the  road  surface  occurs  at  the  intersections 
uhere  turning  movements  and  other  road  surface,   friction  dependent 
maneuvers  are  made.     Stopping  ability  is  severely  affected. 

Accidents*     The  collision  diagram  and  accident  statistics 
tables  shoun  on  the  existing  condition  sketch  indicates  that  there 
uere  nine  accidents  recorded  in  the  four  year  study  period.  The 
accidents  seem  to  be  fairly  constant  uith  an  average  over  2  per 
year.     the  predominant  accident  type  uas  single  vehicle  accidents. 
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Three  angle  accidents  occurred  and  one  head-on. 

The  majority  of  accidents  occurred  on  dry  roads  in  fair 
ueather  conditions.     Accidents  occurred  mostly  during  the  night 
time  hours.     The  severity  of  accidents  at  this  site  is  quite  high 
uith  7Sy.  of  the  accidents  producing  injuries. 

SHORT  TERM  inPROVEMENTS 

Suggested  improvements  at  this  site  strive  to  reduce  the 
effects  of  the  above  noted  problems.     Over  sized  curve  warning 
signs  are  considered  necessary  to  drau  more  attention  in  advance 
of  the  curves.     Proper  delineation  of  the  roaduay  path  is  espec- 
ially critical  at  this  site.     Pavement  markings  combined  uith 
delineators  uill  over  come  the  other  physical   roaduay  alignment 
cues  under  most  circumstances. 

Removal   of  key  trees,  bushes  and  vegetation  to  give  motor- 
ists an  unimpeded  vieu  of  the  road  alignment  and  approaching 
traffic  as  vieu  from  the  side  roads  and  driveuays     uill  decrease 
the  potential   risk  of  entering  traffic.     Advanced  intersection 
uarning  and  oversized  stop  signs  uill   better  define  the  inter- 
section control   for  side  road  traffic.     Use  of  supplementary  road 
name  plates  on  the  advanced  intersection  uarning  signs,  as  pro- 
vided for  in  the  M.U.T.D.C.  uill   greatly  aid  drivers  in  recog- 
nizing the  location  of  the  approach  and  in  planning  the  turning 
maneuver . 
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Paving  the  road  approaches  for  a  short  distance  uill  help 
keep  the  main  roaduay  free  of  gravel   and  debris  in  the  inter- 
section areas  and  provide  additional   cues  to  drivers  that  they  are 
approaching  a  controlled  intersection. 

The  cost  of  these  improvements  is  estimated  to  be  approx- 
imately $8,290  based  on  1989  unit  bid  contract  prices  and  I1D0H 
fund  eligible  prices.     The  paving  and  pavement  markings  should  be 
much  less  if  county  creus  performed  the  uork  and  the  striping  uere 
to  be  completed  as  part  of  a  county  uide  pavement  marking  program. 

Long  term  improvements  at  this  site  uould  involve 
reconstructing  the  reverse  curves  uith  minimum  radii  of  1,000 
feet.     Very  little  right-of-uay  would  be  required  to  accomplish 
this  solution.     The  long  term  improvement  should  be  considered 
necessary  if  traffic  volumes  begin  to  exceed  1,000  ADT. 

BENEFITS 

The  annual   dollar  benefit  that  may  be  realized  from  the 
short  term  improvements  is  computed  to  be  approximately  $23,192 
annually.     The  benefit/cost  ratio  is  computed  according  to 
accepted  methods  at   10.14.  second  highest  of  all   study  sites. 
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PLEASANT  VXEU  ROAD 
PRXORXTV    NUMBER  5 


SITE  DESCRIPTION 

Pleasant  Vieu  Road  is  a  rural   road  uhich  is  located  just 
southwest  of  Victor.     It  provides  access  to  farms,  rural  resi- 
dences and  forested  areas  uest  of  the  site.     It  begins  uest  of 
Victor  and  runs  in  a  southuest  direction  to  an  intersection  uith 
Red  Crou  Road,  a  distance  of  approximately  2  miles. 

The  accident  cluster  area  begins  approximately  0.3  miles 
uest  of  an  intersection  uith  Fifth  Avenue  in  Victor  and  ends 
approximately  0.6  miles  uest.     An  intersection  uith  Middle  Bear 
Creek  Road  is  uithin  the  cluster  site. 

EXISTING  CONDITIONS 

GecMnetrics*     The  site  geometries  are  shoun  in  the  existing 
condition  sketch.     Accident  cluster  areas  are  located  primarily  on 
tuo  curve  sections  of  roaduay.     The  roaduay  has  24  foot  uide 
pavement  and  has  variable  shoulder  uidths  and  ditch  slopes.  There 
are  three  horizontal   curves  in  the  study  section  even  though  only 
tuo  of  the  curves  have  accident  experience.     All   three  of  the 
curves  have  similar  vehicle  operating  characteristics.  Grades 
range  from  7*4  to  0*4*     One  vertical   curve  at  the  beginning  of  the 
study  area  has  very  limited  sight  distance.     The  roadside 
environment   is  devoid  of  forest   in  the  eastern  2/3  of  the  section 
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uhile  the  uestern  section  is  in  heavy  forest.  Single  trees  along 
the  road  do  present  fix  object  hazards  and  vision  obstructions. 


Traffic  Control  Devices*     There  are  no  traffic  control 
devices  in  this  section  other  than  street  name  signs.     No  pavement 
markings  are  visible  in  the  area. 

Traffic  Volumes*     The  current  traffic  volume  on  this  section 
of  roaduay  is  approximately  460  vehicles  per  day.     Traffic  volumes 
throughout  the  past  four  years  have  probably  increased  by 
approximately  4/i.     County  counts  in  1988  shoued  approximately  182 
vehicles  per  day,  far  to  the  uest  of  the  site.     Recording  traffic 
counters  uere  set  out  on  this  road  and  calibrated.     From  this,  the 
460  number  uas  verified.     The  directional   split  on  this  roaduay  is 
approximately  40/i-60/S  uhich  means  that  at  certain  periods  of  the 
day,  405J  of  the  vehicles  are  going  in  one  direction  uhile  the 
remainder  are  headed  in  the  other. 

Traffic  Operations.     Serious  potential   operations  problems 
uere  observed  on  this  section  of  roaduay  during  the  field  revieu. 
Also,  from  the  Engineer's  perspective  during  subjective 
evaluations  at  the  site,   it  uas  noted  that  several   factors  have 
combined  to  create  potential   problems  at  this  site. 

1.     The  first  horizontal   curve  on  the  east  end  of  the  site 
is  sharp  and  is  combined  uith  a  sag  vertical   curve.     The  tangent 
continuation  of  the  southbound  alignment  becomes  a  gravel  approach 
road.     The  curve  is  narrou  and  difficult  to  traverse  uithout 
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entering  the  opposing  lane. 

2.  The  sharp  crest  vertical   curve  on  the  east  end  of  the 
sight  not  only  has  reduce  stopping  sight  distance,   but   it  severe 
enough  to  cause  a  vehicle  to  become  airborne  at  higher  speeds. 

3.  The  riiddle  Bear  Creek  Road  intersection  occurs  on  the 
outside  of  the  second  horizontal   curve.     Sight  distance  on  the 
inside  of  the  curve  is  blocked  by  a  tree  and  the  road  embankment. 
It  is  extremely  difficult  to  see  the  intersection  configuration 
from  either  approach  direction. 

4.  The  last  curve  in  the  series  is  visually  deceptive.  The 
degree  of  sharpness  is  much  greater  than  perceived  on  a  drivers 
approach  to  the  curve. 

Accidents*     The  collision  diagram  and  accident  statistics 
tables  shoun  on  the  existing  condition  sketch  indicates  that  there 
uere  five  accidents  recorded  in  the  four  year  study  period.  The 
accidents  seem  to  be  erratic  uith  2  occurring  in  1985  and  2  in 
1988.     The  type  of  accidents  uere  single  vehicle  accidents. 

The  majority  of  accidents  occurred  in  fair  ueather 
conditions,  but  they  uere  split  betueen  dry  and  icy  roads. 
Accidents  occurred  predominantly     during  the  night  time  hours. 
The  severity  of  accidents  at  this  site  is  higher  than  normal  uith 
60Z  of  the  accidents  producing  injuries. 
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SHORT  TERM  inPROVEMENTS 


Suggested  improvements  at  this  site  strive  to  reduce  the 
effects  of  the  above  noted  problems.     Curve  uarning  signs  are 
considered  necessary     in  advance  of  the  curves  to  provide  adequate 
uarning  of  the  unexpected  conditions.     Proper  delineation  of  the 
roaduay  path  is  especially  critical  at  this  site.  Pavement 
markings  combined  uith  delineators  uill  provide  adequate  visual 
clues  as  to  the  proper  vehicle  path. 

Removal   of  the  tree  and  reshaping  of  the  road  embankment 
should  open  up  the  vieu  of  the  intersection  geometries  and  give 
motorists  an  unimpeded  vieu  of  the  road  alignment  and  approaching 
traffic.     Use  of  supplementary  road  name  plates  on  the  advanced 
intersection  uarning  signs,  as  provided  for  in  the  fl.U.T.D.C.  uill 
greatly  aid  drivers  in  recognizing  the  location  of  the  approach 
and  in  planning  the  turning  maneuver.  A  stop  sign  should  be  placed 
on  the  side  road  to  control   right  of  uay  at  the  intersection. 

Realigning  the  gravel  approach  road  on  the  east  side  of  the 
site  uill   allou  proper  delineation  of  the  main  road  curvature  and 
control   the  speed  and  angle  of  approaching  traffic  from  the  side 
approach. 

The  cost  of  these  improvements  is  estimated  to  be 
approximately  $8,120  based  on  1989  unit  bid  contract  prices  and 
flDOH  fund  eligible  prices.     The  grading  and  pavement  markings 
should  be  much  less  if  county  creus  performed  the  uork  and  the 
striping  uere  to  be  completed  as  part  of  a  county  uide  pavement 
marking  program. 
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Long  term  improvements  at  this  site  uould  involve 
reconstructing  the  curves  uith  minimum  radii  of  800  feet  and 
reconstructing  the  vertical   curve  to  provide  adequate  stopping 
sight  distance.     Some  right-of-uay  would  be  required  to  accomplish 
this  solution.     The  long  term  improvement  should  be  considered 
necessary  if  traffic  volumes  begin  to  exceed  2,000  ADT. 


BENEFITS 

The  annual   dollar  benefit  that  may  be  realized  from  the 
short  term  improvements  is  computed  to  be  approximately  $11.907 
annually.     The  benefit/cost  ratio  is  computed  according  to 
accepted  methods  at  5.19,  uhich  makes  it  a  good  investment   in  the 
economy  of  Ravalli  County. 
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SITE  DESCRIPTION 

Old  Corvallis  Road  is  a  rural  type  road  uhich  used  to  be  a 
main  road  between  Hamilton  and  Corvallis  to  the  north.     It  begins 
at  a  point  near  the  fairgrounds  in  Hamilton  and  proceeds  along 
section  lines  to  the  north  and  ends  at  an  intersection  uith  the 
Uoodside  Cutoff  Road,   1  mile  west  of  Corvallis.     It  provides 
access  to  farms,  rural  residences  and  a  large  biological 
laboratory  near  the  study  site. 

The  accident  cluster  area  begins  at  a  point  approximately 
1.6  miles  north  of  Fairgrounds  Road  in  Hamilton  and  extends  0.6 
miles  to  the  north  and  east.     The  biological   laboratory  is  located 
at  the  northern  end  of  the  study  site. 

EXISTING  CONDITIONS 

Gtometrics*     The  site  geometries  are  shoun  in  the  existing 
condition  sketch.     Accident  cluster  areas  are  located  on  the  three 
horizontal  curves  in  this  section  of  roaduay.     The  roadway  has  24 
to  26  foot  uide  pavement  and  variable  shoulder  uidths  and  ditch 
slopes.     There  are  four  horizontal  curves  in  the  study  section 
even  though  tuo  of  the  curves  are  back  to  back  and  considered  to 
be  one  "Broken  Back"  curve.     Vertical   grades  at  this  site  are 
flat.     The  roadside  environment  consists  of  pouer  poles,  grassed 
embankments,  fences,  mailboxes  and  some  trees  and  bushes. 
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Traffic  Control  Devices*     There  are  three  curve  signs 
existing  at  this  site.     Tuo  of  the  signs  are  not  appropriately 
placed  for  the  speed  of  the  facility  (35mph).     One  curve  only  has 
a  curve  sign  for  one  direction  of  travel*     No  pavement  markings 
are  visible  in  the  area. 

Traffic  Volumes*     The  current  traffic  volume  on  this  section 
of  roaduay  is  approximately  1,527  vehicles  per  day  making  it  the 
highest  traffic  volume  roaduay  of  all   the  study  sites.  Traffic 
volumes  throughout  the  past  four  years  have  probably  increased  by 
approximately  45;  or  more.     The  County  could  not  provide  historical 
counts  at  this  site.     The  directional   split  on  this  roaduay  is 
approximately  A0>i-60'4  uhich  means  that  at  certain  periods  of  the 
day,  AOZ  of  the  vehicles  are  going  in  one  direction  uhile  the 
remainder  are  headed  in  the  other. 

Traffic  Operations*     No  serious  potential  vehicle  operations 
problems  uere  observed  on  this  section  of  roaduay  during  the  field 
revieu.     Although,  a  near  miss,   pedestrian  accident  uas  observed 
uhich  involved  mailboxes  on  the  southern  most  curve.     From  the 
Engineer's  perspective  during  subjective  evaluations  at  the  site, 
it  uas  noted  that  several  additional  factors  could  create 
potential  problems  at  this  site. 

1.     The  curve  sections  are  the  only  deviations  from  tangent 
on  the  entire  route.     Adequate  attention  is  not  given  to  this 
situat  ion . 
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2.  Traffic  volumes  and  types  on  this  road  are  approaching 
the  character  of  an  urban  route.     Roaduay  lane  control   is  becoming 
critical,  especially  for  passing  restrictions  and  delineation  of 
lanes. 

3.  Sight  distance,  geometry  of  the  broken  back  curve  and 
mailbox  locations  all  contribute  to  potentially  serious  accidents 
at  the  first  curve  on  the  south  end  of  the  site. 

Accidents*     The  collision  diagram  and  accident  statistics 
tables  shoun  on  the  existing  condition  sketch  indicates  that  there 
uere  six  accidents  recorded  in  the  four  year  study  period.  The 
accidents  seem  to  be  erratic  uith  2  occurring  in  1985  and  3  in 
1987.     The  type  of  accidents  involved  primarily  single  vehicle 
accidents  uith  one  head-on  accident  on  a  curve. 

The  majority  of  accidents  occurred  in  fair  weather 
conditions  and  on  dry  roads.     Accidents  occurred  predominantly 
during  the  night  time  hours.     The  severity  of  accidents  at  this 
site  is  split  betueen  injury  accidents  and  property  damage 
accidents. 

SHORT  TERM  IMPROVEMENTS 

Suggested  improvements  at  this  site  strive  to  reduce  the 
effects  of  the  above  noted  problems.     Over-sized  curve  uarning 
signs  are  considered  necessary     in  advance  of  the  curves  to 
provide  adequate  uarning  of  the  unexpected  conditions.     The  signs 
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should  be  located  an  adequate  distance  in  advance  of  the  curve  as 
specified  by  H.U.T.C.D.     Proper  delineation  of  the  roaduay  path  is 
especially  critical  at  this  site  considering  the  high  night  time 
accident  rate  and  relatively  high  traffic  volumes.  Pavement 
markings  combined  uith  delineators  uill  provide  adequate  visual 
clues  as  to  the  proper  vehicle  path. 

Removal   of  vegetation,  widening  the  curve  shoulder  and 
moving  mailboxes  uill   reduce  the  potential   for  head-on  accidents 
and  increase  the  line  of  sight  around  the  curve. 

The  cost  of  these  improvements  is  estimated  to  be  aprox- 
imately  $6,480  based  on  1989  unit  bid  contract  prices  and  MDOH 
fund  eligible  prices.     The  grading  and  pavement  markings  should  be 
much  less  if  county  creus  performed  the  uork  and  the  striping  uere 
to  be  completed  as  part  of  a  county  uide  pavement  marking  program. 

Long  term  improvements  at  this  site  uould  involve  recon- 
structing the  broken  back  curve  and  making  it  a  simple  curve  uith 
a  minimum  radii  of  800  feet.     Very  little  right-of-uay  uould  be 
required  to  accomplish  this  solution.     The  long  term  improvement 
should  be  considered  necessary  uithin  the  near  future. 


6-4 


BENEFITS 

The  annual   dollar  benefit  that  may  be  realized  from  the 
short  term  improvements  is  computed  to  be  approximately  $12,933 
annually.     The  benefit/cost  ratio  is  computed  according  to 
accepted  methods  at  7.53,  uhich  makes  it  a  good  investment  in  the 
economy  of  Ravalli  County. 
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QUAST     LANE  RXR 
PRXORXTV    NUMBER  "7" 


SITE  DESCRIPTION 

Quast  lane  is  a  is  a  rural   east-uest  road  located  one  mile 
north  of  Corvallis.     It  begins  at  an  intersection  uith  the 
Eastside  Highuay  and  ends  2*5  miles  east  at  an  intersection  uith 
Summerdale  Road.     It  provides  access  to  farms,  rural  residences 
and  acts  as  a  cross  connection  betueen  north-south  routes. 

The  accident  cluster  area  is  confined  to  the  railroad 
crossing  area  approximately  0.4  miles  east  of  the  Eastside 
Highuay. 


EXISTING  CONDITIONS 

Geometries*     The  site  geometries  are  shoun  in  the  existing 
condition  sketch.     The  roaduay  has  21  foot  uide  pavement  surface 
and  has  no  discernable     shoulders  or  ditch  sections.     Fences  and 
pouer  poles  are  uithin  5  feet  of  the  pavement  edge.     The  crossing 
approach  grades  are  nearly  flat.     A  9-lOZ  grade  exists 
approximately  400  feet  east  of  the  crossing.     The  pavement  surface 
is  extremely  rough  and  has  a  uashboard  texture.     Private  drive 
approaches  are  uithin  the  crossing  site.     Metal   buildings  in  the 
southeast  quadrant  of  the  crossing  and  haystacks  in  the  northuest 
quadrant  of  the  crossing  block  approach  sight  distance  to  the 
t  racks . 
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Traffic  Control  Devices*     There  are  advanced  crossing 
signs  and  under-sized  x-bucks  existing  at   this  site  along  uith 
ueight  limit  signs.      There  are  the  remnants  of  RXR  pavement 
markings  uell   in  advance  of  the  crossing,   but  no  other  pavement 
markings  exist. 

Traffic  Volumes*     The  current  traffic  volume  on  this  section 
of  roaduay  is  approximately  290  vehicles  per  day.     Traffic  volumes 
throughout  the  past  four  years  have  probably  increased  by 
approximately  4/i.     The  County  could  not  provide  historical  counts 
at  this  site.     The  directional   split  on  this  roaduay  is 
approximately  ^0X-60Z  uhich  means  that  at  certain  periods  of  the 
day,  405i  of  the  vehicles  are  going  in  one  direction  while  the 
remainder  are  headed  in  the  other. 

Traffic  Operations*  No  serious  potential  vehicle  operations 
problems  uere  observed  on  this  section  of  roaduay  during  the  field 
revieu  since  the  traffic  volumes  uere  so  lou.  From  the  Engineer's 
perspective  during  subjective  evaluations  at  the  site,  it  uas 
noted  that  several  factors  could  create  potential  problems  at  this 
site. 

1.  The  roadside  environment  is  so  confining  that  it  feels 
as  if  you  are  driving  through  a  tunnel.     There  is  absolutely  no 
room  for  driver  error  or  avoidance  maneuvers. 

2.  The  pavement  condition  is  so  bad  that  vehicle  control 
uould  be  minimal  at  higher  speeds. 
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3.     Sight  distance  to  the  tracks  is  restricted  in  tuo 
quadrants  of  the  intersection.     The  haystacks  limit  sight  distance 
to  no  more  than  150  feet  uhile  the  buildings  limit  it  to 
approximately  250  feet. 

Accidents.     The  collision  diagram  and  accident  statistics 
tables  shoun  on  the  existing  condition  sketch  indicates  that  there 
uere  tuo  accidents  recorded  in  the  four  year  study  period.  One 
accident  occurred  in  1985  and  one  in  1988.     One  of  the  accidents 
uas  collision  uith  a  train  and  the  other  uas  a  rearend  accident. 

The  accidents  occurred  in  fair  ueather  conditions  and  on  dry 
roads.     Accidents  occurred     during  daylight  hours.     The  severity 
of  accidents  at  this  site  is  split  betueen  injury  accidents  and 
property  damage  accidents. 

SHORT  TERM  IMPROVEMENTS 

Suggested  improvements  at  this  site  strive  to  reduce  the 
effects  of  some  of  the  above  noted  problems.     The  sight  distance 
restrictions  should  be  removed  as  best  as  practical.  The 
haystacks  could  be  relocated  if  agreements  are  made  uith  the 
landouner.     The  metal   buildings  are  railroad  building  uhich  may 
not  be  as  easy  to  relocate,   but  some  agreement  may  be  negotiated 
uith  the  railroad  company. 

It  uould  be  desirable  to  overlay  the  existing  pavement  in 
this  area  if  maintenance  funds  uere  available.     If  this 
possibility  exists  in  the  near  future,   it  should  be  completed 
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prior  to  installing  neu  RXR  pavement  markings  as  shoun  in  the 
sketch.     Standard  size  cross  bucks  should  replace  the  existing 
ones  and  located  in  the  most  visible  location.     The  railroad 
retains  the  right  to  install   these  signs,  and  installation  should 
be  coordinated  uith  them.     A  ueight   limit  sign  is  currently 
blocking  the  vieu  of  an  advanced  RXR  uarning  sign  and  should  be 
re  1 ocat  ed . 

Uarrants  adopted  by  the  Montana  Department  of  Highuays  for 
RXR  protection  uere  obtained,  and  an  analysis  at  this  site  uas 
completed.     The  follouing  is  a  summary  of  the  factors  and 
analysis: 

H.I.  =  AAHT  X  AATT  x   (FH-F2+ .  .  .FIO)  /  100 


Fl 

(Train  Move.) 

2.0 

F2 

(Tracks) 

0.  1 

F3 

(Sight  Dist) 

2.0 

F4 

( Ang 1 e ) 

0.0 

F5 

(Huy  Align) 

0.1 

F6 

(#  lanes) 

0.1 

F7 

(Grade)  s 

0.0 

F8 

(Vert  Sight) 

0.0 

F9 

(Uidth) 

0.2 

FIO 

(Local  Inter) 

0.1 

F  tot(1..10) 

4.6 

H.I. 


=    300  X  4  X  (4.6)  /  100    =  55.2 


The  uarrants  for  flashing  light  protection  is  an  H.I. 
greater  than  200.     Therefore,  the  cross  bucks  are  considered  to  be 
adequate  protection  at  this  crossing.     flDOH  had  indicated  that 
their  records  shou  a  hazard  index  of  4.0  at  this  location,  much 
less  than  uhat  this  calculation  indicates. 

The  cost  of  these  improvements  is  estimated  to  be 
approximately  $3,996  based  on  1989  unit  bid  contract  prices  and 
flDOH  fund  eligible  prices.     The  pavement  markings  should  be  much 
less  if  county  creus  performed  the  uork  or  the  striping  uere  to  be 
completed  as  part  of  a  county  uide  pavement  marking  program. 

Long  term  improvements  at  this  site  could  not  be  estimated 
because  of  the  limited  function  of  the  roaduay  and  the  major 
degree  of  uork  that  uould  be  required  in  reconstructing  the 
roaduay ♦ 

BENEFITS 

The  annual   dollar  benefit  that  may  be  realized  from  the 
short  term  improvements  is  computed  to  be  approximately  $3,016 
annually.     The  benefit/cost  ratio  is  computed  according  to 
accepted  methods  at  2.73,  uhich  still  makes  it  a  good  investment  . 
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•CCIOEHT  TYPE 


I  ACC.   IN  PERIOD  CHANOE  IN  •  ACC. 

  EST.  <  —  

1/F  PO    CHAMCE  I/F  PI 


HEAD  ON 
AMLE 

LEFT  TURN 
SIDE  SNIPE 
REAR  END 
SINGLE  VEHICLE 
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OTHER 


0.0 
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0.0 
0.3 
0.0 
0.0 
0.0 


TOTALS 
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«.  DESCRIPTION 
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OUAST  LANE  RXR 

SHORT  TERM  IMPROVEMENTS 


UXLLOU  CREEK  ROAD  RXR 
PRXORXTV     NUMBER  3 


SITE  DESCRIPTION 

Uillou  Creek  Road  is  a  rural   type  east-uest  road  uhich 
passes  through  Corvallis  and  is  one  of  Corvallis*   main  streets. 
It  is  also  designated  as  FAS  373  on  the  state  Secondary  road 
system.     It  begins  approximately  2.5  miles  uest  of  Highuay  93  and 
extends  through  Corvallis  to  a  point  approximately  3.5  miles  east 
of  Highway  93.     It  is  a  major  east-uest  route  uhich  connects  all 
north-south  routes  in  the  valley  and  provides  access  to  farms  and 
residences  along  its  course. 

The  accident  cluster  area  is  confined  to  the  railroad 
crossing  area  approximately  0.4  miles  east  of  the  Eastside 
Highuay  through  Corvallis. 

EXISTING  CONDITIONS 

Geometries*     The  site  geometries  are  shoun  in  the  existing 
condition  sketch.     The  roaduay  has  22  foot  uide  pavement  surface 
and    variable  uidth     shoulders  and  ditch  sections.     A  reverse 
curve  precedes  the  RXR  in  the  eastbound  direction.     Numerous  drive 
approaches  are  located  in  this  area  and  there  is  a  good  deal  of 
roadside  vegetation.     Vertical   grades  are  fairly  flat  uithin  the 
site.     Houever,  there  are  slight  sag  and  crest  vertical  curves  in 
the  crossing  area.     The  pavement  surface  is  bad  shape  at 
intermittent  points  uithin  the  site  area. 
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The  railroad  tracks  are  in  the  middle  of  a  curve  at  the 
crossing  site.     The  crossing  angle  is  at  59  degrees.     A  high 
embankment  along  the  tracks  on  the  north  side  of  the  road  severely 
limits  vehicle-train  sight  distance.     Trees,  combined  uith  the 
physical   geometry  of  the  roaduay,  also  limits  sight  distance  for 
uestbound  traffic.     Private  drive  approaches  are  uithin  the 
crossing  site. 

Traffic  Control  Devices*     There  are  advanced  crossing 

signing  and     x-bucks  existing  at  this  site  along  uith  hazard 

markers  on  bridges,  speed  limit  signs  and  a  curve  sign.  There  are 

no  pavement  markings  existing  at  this  site. 

Traffic  Volumes*  The  current  traffic  volume  on  this  section 
of  roaduay  is  approximately  970  vehicles  per  day.  Traffic  volumes 
throughout  the  past  four  years  have  probably  increased  by 
approximately  4/i  or  more.  The  County  could  not  provide  historical 
counts  at  this  site.  Houever,  the  Department  of  Highuays  uas  able 
to  provide  several  years  of  traffic  counts.  The  directional  split 
on  this  roaduay  is  approximately  ^0Z-60Z  uhich  means  that  at 
certain  periods  of  the  day,  of  the  vehicles  are  going  in  one 

direction  uhile  the  remainder  are  headed  in  the  other. 


Traffic  Operations*     No  serious  conflicts  in  vehicle 
operations     uere  observed  on  this  section  of  roaduay  during  the 
field  revieu.     From  the  Engineer's  perspective  during  subjective 
evaluations  at  the  site,   it  uas  noted  that  several   factors  could 
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create  potential  problems  at  this  site. 

1.  The  reverse  curve  preceding  the  crossing  is  difficult  to 
traverse  without  overlapping  on  the  opposing  lane.     this  situation 
tends  to  absorb  most  drivers  full   attention  and  any  other  roaduay 
information  is  lost  uhile  in  the  curve. 

2.  There  is  a  momentary  loss  of  stopping  sight  distance  in 
the  uestbound  direction  because  of  a  sag  vertical   curve     east  of 
the  crossing . 

3.  Sight  distance  for  eastbound  traffic  to  the  north  at  the 
crossing  is  extremely  limited  uhich  is  not  noticeable  until  the 
vehicle  is  almost  on  the  tracks. 

4.  The  speed  limit  seems  to  be  inappropriate  for  the  type 
of  road  and  roadside  environment.     Uith  this  speed  limit   it  is 
difficult  to  properly  sign  the  reverse  curve. 

Accidents*     The  collision  diagram  and  accident  statistics 
tables  shoun  on  the  existing  condition  sketch  indicates  that  there 
uere  three  accidents  recorded  in  the  four  year  study  period.  One 
accident  occurred  in  1985  and  one  each  in  1987  and  1988.     One  of 
the  accidents  uas  collision  uith  a  train,   one  uas  a  head-on  and 
theotheruasarearendaccident. 

The  accidents  occurred  in  fair  ueather  conditions  and  on  dry 
roads.     Accidents  occurred     during  daylight  hours.     The  severity 
of  accidents  at  this  site  is  quite  high  uith  all   of  them  producing 
injuries. 
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SHORT  TERn  IMPROVEMENTS 


Suggested  improvements  at  this  site  strive  to  reduce  the 
effects  of  some  of  the  above  noted  problems*     The  sight  distance 
restrictions  should  be  removed  as  best  as  practical.     Trees  could 
be  removed  if  agreements  are  made  uith  the  landouner.  The 
railroad  cut  slope  could  be  daylighted  if  agreements  uith  the 
railroad  and  adjacent  landouners  could  be  reached.  Houever, 
flashing  railroad  signal   lights  uould  be  an  acceptable  alternative 
to  physical   reconstruction  of  the  railroad  embankments. 

It  uould  be  desirable  to  overlay  the  existing  pavement  in 
this  area  if  maintenance  funds  uere  available.     If  this 
possibility  exists  in  the  near  future,   it  should  be  completed 
prior  to  installing  neu  RXR  pavement  markings  as  shoun  in  the 
sketch.     Additional   curve  signing  should  be  installed  uhich 
indicates  the  advisory  speed  even  though  it   is  the  same  as  the 
speed  limit.     It  is  recommended  that  a  speed  limit  study  be 
completed  in  this  area  to  determine  the  correct  speed  limit 
boundaries. 
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Uarrants  adopted  by  the  Mont  ana  Department  of  Highuays  for 
RXR  protection  were  obtained  and  an  analysis  at  this  site  uas 
completed*     The  follouing  is  a  summary  of  the  factors  and 
analysis: 

H.I.  =  AAHT  X  AATT  x   (F1+F2+ . . . FIO)  /  100 


Fl 

(Train  Move.) 

2.0 

F2 

(Tracks) 

0. 1 

F3 

(Sight  Dist) 

— 

2.0 

F4 

( Ang 1 e ) 

= 

0.8 

F5 

(Huy  Al i gn ) 

0.1 

F6 

(#  lanes) 

0.1 

F7 

(Grade) 

0.0 

F8 

(Vert  Sight) 

0.1 

F9 

(Uidth) 

0.2 

FIO 

(Local  Inter) 

0.1 

F  tot 

5.5 

=  1000  X  4  X  (5.5) 

/ 

100 

The  uarrants  for  flashing  light  protection  is  an  H.I. 
greater  than  200.     Therefore,   flashing  light  signals  combined  uith 
the  cross  bucks  are  considered  to  be  warranted  protection  at  this 
crossing.     flDOH  had  indicated  that  their  records  shou  a  hazard 
index  of  30.0  at  this  location,  much  less  than  uhat  this 
calculation  indicates.     Either  their  calculations  haven't  been 
updated  or  some  of  their  information  uas  in  error.     MDOH  should  be 
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assessed  of  this  situation  and  funds  requested  to  install  the 
flashing  control   under  the  FHUA  crossing  protection  program.  For 
purposes  of  this  study,  the  cost  of  reconstructing  the  railroad 
embankment  only  uas  included  in  the  cost  analysis.     If  signals  are 
installed,  reconstruction  of  the  railroad  embankment  uould  not  be 
necessary. 

The  cost  of  these  improvements  is  estimated  to  be 
approximately  $12,046  based  on  1989  unit  bid  contract  prices  and 
riDOH  fund  eligible  prices.     The  pavement  markings  should  be  much 
less  if  county  creus  performed  the  uork  or  the  striping  uere  to  be 
completed  as  part  of  a  county  wide  pavement  marking  program.  The 
cost  of  regarding  the  railroad  embankment  may  vary  considerably 
depending  on  future  agreements.     Costs  for  the  alternative 
flashing  signals  uould  probably  be  in  excess  of  $  20,000. 

Long  term  improvements  at  this  site  should  consider 
upgrading  the  entire  roaduay  to  urban  type  standards  uhen  future 
growth  occurs. 

BENEFITS 

The  annual   dollar  benefit  that  may  be  realized  from  the 
short  term  improvements  is  computed  to  be  approximately  $9,566 
annually.     The  benefit/cost  ratio  is  computed  according  to 
accepted  methods  at  2.96,  uhich  still  makes  it  a  good  investment  . 
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OLD    U.S.  S>3 
PRXORXTV  NUMBER 


SITE  DESCRIPTION 

Old  U.S.  93  is  a  rural   road  on  the  old  alignment  of  U.S. 
Highuay  93  uhich  is  located  just  north  of  Florence*  Montana.  It 
begins  at  the  flissoula  County  at  an  intersection  uith  Highuay  93 
and  proceeds  south  1.7  miles  to  another  intersection  uith  Highuay 
93  at  Florence.   It  provides  access  to  farms  and  rural  residences 
al ong  its  1 engt h . 

The  accident  cluster  area  begins  at  the  Missoula  County  line 
and  extends  0.5  miles  to  the  south. 

EXISTING  CONDITIONS 

Geometries*     The  site  geometries  are  shoun  in  the  existing 
condition  sketch.     Accidents  have  occurred  primarily  on  slight 
horizontal   and  vertical   curves  and  near  an  intersection  uith 
Uagner  Lane,  an  access  road  coming  from  the  uest .     The  roaduay  has 
24  foot  uide  pavement  and  has  variable  shoulder  uidths  and  ditch 
slopes.     It  uas  built   to  old  primary  highuay  standards.  Grades 
are  fairly  flat   iO-^Z)  uith  numerous  vertical   curves.  The 
roadside  environment   is  not  heavily  forested.     Trees  along  the 
roaduay  are  sparse  but  some  of  them  do  hang  foliage  in  the 
roaduay. 

Traffic  Control   Devices.     The  only  traffic  control  devices 
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are  speed  limit  signs  (35mph)  and  information  signs  (County  line). 
Pavement  markings  are  present  and  are  in  fair  shape. 

Traffic  Volumes.     The  current  traffic  volume  on  this  section 
of  roaduay  is  approximately  870  vehicles  per  day.     Traffic  volumes 
throughout   the  past   four  years  have  probably  increased  by 
approximately  4%.     County  counts  uere  not  available  for  this  site. 
The  directional   split  on  this  roaduay  is  approximately  ^OZ-SO^i 
which  means  that  at   certain  periods  of  the  day,  405$  of  the 
vehicles  are  going  in  one  direction  uhile  the  remainder  are  headed 
in  the  other. 

Traffic  Operations.     No  serious  potential  operations 
problems  uere  observed  on  this  section  of  roaduay  during  the  field 
revieu.     From  the  Engineer's  perspective  during  subjective 
evaluations  at  the  site,   it  uas  noted  that  several   factors  could 
likely  combined  to  create  potential  problems. 

1.  A  sag  vertical   curve   just   north  of  the  Uagner  Lane 
intersection  has  a  blind  spot.     This  area  is  marked  for  no  passing 
but   there  are  approach  uithin  the  operational    limits  of  this  area. 

2.  There  are  sight   distance  restrictions  at   the  Uagner  Lane 
intersection  caused  by  a  tree  and  other  vegetation.     Gravel  for 
Uagner  Lane  is  also  kicked  onto  the  main  road  surface  uhich  uould 
cause  control   problems  in  the  intersection. 

3.  The  speed   limit   is  probably  set   too   1 ou  considering  the 
average  speed  of  vehicles  on  this  road. 
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Accidents*     The  collision  diagram  and  accident  statistics 
tables  shoun  on  the  existing  condition  sketch   indicates  that  there 
uere  five  accidents  recorded  in  the  four  year  study  period.  The 
accidents  seem  to  be  erratic  uith   1   occurring   in   1985  and  1986  and 
3  in  1987.     The  type  of  accidents  uere  primarily  single  vehicle 
accidents  uith  one  rearend  accident. 

All   of  the  accidents  occurred  in  fair  ueather  conditions  on 
dry  roads.     Accidents  occurred  predominantly  during  the  night  time 
hours.     The  severity  of  accidents  at  this  site  is  not  too  bad  uith 
uith  only  20*4  of  the  accidents  producing  injuries. 

■  >■ 

SHORT  TERM  IMPROVEMENTS 

Suggested  improvements  at   this  site  strive  to  reduce  the 
effects  of  the  above  noted  problems.     The  night   time  accidents 
indicates  that   there  is  a  problem  uith  roaduav  alignment 
perception.     The  entire  length  of  the  site  should  be  delineated  to 
provide  the  necessary   information.     Advanced  uarning  signs  for  the 
Uagner  Lane  intersection  uith  supplementary  name  plates  uill  help 
motorist   locate  and  plan  their  turn  and  uarn  thru  traffic  that 
vehicles  could  be  entering  the  roaduay.     Removal   of  the  tree  at 
the  Uagner  Lane  approach  uill   provide  more  sight  distance.  Also, 
paving  of  the  approach  road  for  a  short  distance  uill   help  keep 
gravel   off  of  the  paved  surface. 

The  cost  of  these  improvements  is  estimated  to  be 
approximately  $3,570  based  on  1989  unit  bid  contract  prices  and 
MDOH  fund  eligible  prices.     The  paving  should  be  much  less  if 
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county  creus  performed  the  uork. 

Long  term  improvements  at  this  site  are  highly  dependent  on 
traffic  grouth.  Uhen  traffic  volumes  reach  the  2,000  -  3.000  ADT 
level,  major  reconstruction  may  be  considered. 

BENEFITS 

The  annual   dollar  benefit   that  may  be  realized  from  the 
short  term  improvements   is  computed  to  be  approximately  $4,177 
annually.     The  benefit/cost   ratio  is  computed  according  to 
accepted  methods  at  4.21,  uhich  makes  it  a  good  investment  for  the 
economy  of  Ravalli  Countv. 
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nXDDLE:  BURNT  RORK  CREEK  ROAD 
PRXORXTV     NUMBER  lO 


SITE  DESCRIPTION 

Middle  Burnt  Fork  Creek  Road  is  a  rural  road  uhich  is 
located  uest  of  St evensvi 1 1 e .     It  provides  access  to  farms,  rural 
residences  and  forested  areas  east  of  the  site.     It  begins  in 
Stevensville  at  an  intersection  uith  the  Eastside  Highuay  and 
proceeds  due  east  approximately  4.2  miles.     At  that  point  it  heads 
southeast  for  approximately  13  miles  into  the  Bitteroot  National 
Forest. 

The  accident  cluster  area  begins  approximately  4.2  miles 
east  of  the  intersection  uith  the  Eastside  Highuay  and  extends  1.2 
miles  to  the  southeast. 

EXISTING  CONDITIONS 

Geometries*     The  site  geometries  are  shoun  in  the  existing 
condition  sketch.     Accident  cluster  areas  are  located  primarily  on 
the  curved  sections  of  roaduay.     The  roaduay  has  24  foot  uide 
pavement  surface  and  has  variable  shoulder  uidths  and  ditch 
slopes.     The  alignment  of  the  road  on  both  sides  of  the  cluster 
area  includes  extended  tangent  sections.     The  cluster  area  is  a 
series  of  simple,  broken  back  and  reverse  curves.     Grades  through 
this  section  are  relatively  flat. 

The  roadside  environment  has  a  great  deal  of  vegetation,  mostly 
deciduous  trees  that  hang  into  and  over  the  roaduay.     There  are 
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several  driveuay  approaches  and  one  road  approach  in  the  middle  of 
a  curve . 

Traffic  Control  Devices*     There  are  several   types  of  traffic 
control   devices  along  the  roaduay  site.     Hazard  markers,  curve 
uarning  signs,  curve  chevrons  and  ueight   limit  signs.  Apparently 
an  attempt  uas  made  to  uarn  drivers  of  the  curve  conditions  uas 
made  in  the  recent  past  by  installing  the  uarning  signs  in  the 
most  hazardous  of  the  site's  curves.     No  pavement  markings 
are  visible  in  the  area. 

Traffic  Volumes*     The  current  traffic  volume  on  this  section 
of  roaduay  is  approximately  300  vehicles  per  day.     Traffic  volumes 
throughout  the  past  four  years  have  probably  increased  by 
approximately  4/C.     County  counts  for  this  site  uere  not  available. 
The  directional   split  on  this  roaduay  is  approximately  405^-605; 
uhich  means  that  at  certain  periods  of  the  day,  40/i  of  the 
vehicles  are  going  in  one  direction  uhile  the  remainder  are  headed 
i n  t he  ot her . 

Traffic  Operations*     Some  serious  potential  operations 
problems  uere  observed  on  this  section  of  roaduay  during  the  field 
revieu.     Also,   from  the  Engineer's  perspective  during  subjective 
evaluations  at  the  site,   it  uas  noted  that  several   factors  could 
combine  to  create  potential  problems  at  this  site. 

1.     The  road  approach  from  the  east,   touard  the  uest  end  of 
the  site,   is  completely  obscured  from  vieu  by  roadside  vegetation. 
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The  approach  has  a  6-7*4  doungrade  onto  the  pavement  and  gravel 
from  the  approach  road  is  piled  on  the  pavement  surface. 

2.  The  curves  vary  greatly  in  length  and  in  degree  of 
curvature  uhich  makes  it  very  difficult  for  a  driver  to  anticipate 
speed  and  distance  on  the  curves. 

3.  Vegetation  grouth  near  and  on  the  roaduay  obstructs  the 
line  of  sight  and  causes  drivers  to  shy  auay  from  the  shoulders, 
effecting  a  one  lane  road  in  some  areas. 

Accidents*     The  collision  diagram  and  accident  statistics 
tables  shoun  on  the  existing  condition  sketch  indicates  that  there 
uere  six  accidents  recorded  in  the  four  year  study  period.  The 
accidents  uere  constant  uith  2  in  each  year  of  1985,86  and  87.  No 
accidents  occurred  in  1988.     All   of  the  accidents  uere  single 
vehicle  accidents. 

The  majority  of  accidents  occurred  in  fair  ueather 
conditions  and  on  dry  roads.     Accidents  occurred  predominantly 
during  the  night  time  hours.     The  severity  of  accidents  at  this 
site  is  fairly  1 ou  considering  the  type  of  vehicles  and  speeds 
involved.     Only  \7'4  of  the  accidents  produced  injuries. 

SHORT  TERM  IttPROVEnENTS 

Suggested  improvements  at  this  site  strive  to  reduce  the 
effects  of  the  above  noted  problems.     Over  sized  curve  uarning 
signs  are  considered  necessary     in  advance  of  the  curves  to 
provide  adequate  uarning  of  the  unexpected  conditions.  The 
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eastern  most  set  of  curves  uarrant  a  reverse  curve  sign,  but  the 
degree  of  curvature  for  each  curve  is  so  different,  that  it  is 
necessary  to  sign  each  curve  separately.     Proper  delineation  of 
the  roaduay  path  is  especially  critical  at  this  site.  Pavement 
markings  combined  uith  delineators  uill  provide  adequate  visual 
clues  as  to  the  proper  vehicle  path. 

Removal   of  the  trees  and  realigning  and  paving  of  the 
approach  road  should  remove  a  very  serious  conflict  problem  area. 
Use  of  the  advanced  intersection  warning  signs    uill   greatly  aid 
drivers  in  recognizing  the  location  of  the  approach.     A  stop  sign 
should  be  placed  on  the  side  road  to  control  right  of  uay  at  the 
intersect  ion . 

The  cost  of  these  improvements  is  estimated  to  be 
approximately  $11,040  based  on  1989  unit  bid  contract  prices  and 
fIDOH  fund  eligible  prices.     The  grading  and  pavement  markings 
should  be  much  less  if  county  creus  performed  the  uork  and  the 
striping  uere  to  be  completed  as  part  of  a  county  uide  pavement 
marking  program. 

Long  term  improvements  at  this  site  could  not  be  foreseen 
until   there  is  an  appreciably  increase  in  traffic  volumes. 

BENEFITS 

The  annual   dollar  benefit  that  may  be  realized  from  the 
short  term  improvements  is  computed  to  be  approximately  $4,645 
annually.     The  benefit/cost  ratio  is  computed  according  to 
accepted  methods  at  1.57,  uhich  is  the  louest  of  all   the  sites, 
but  still   cost  effective. 
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2  NEU  SICNS  (6.1  TO  10  SF) 

3  NEU  SUPPLEHENTARY  SIONS 

4  REtOCATE  SIONS 

5  REMOVE  SIONS 

*  PAVE.  KARKINOS  (PAINT) 
7  PAWE.  HARKINO  PLASTIC 

•  DELINEATORS.  FLEXIBLE 
f  TRIM  TREES 

10  APPROACH  UORK 


flOO.OO 
S140.00 
fSO.GO 
S40 . 00 
S20.00 
S30.00 
S6.00 
f20.00 
S640.00 
S3. 000. 00 


CO. 00 
SI. 400. 00 
S300.D0 
SO.  00 

SIDO.OO 
S4.370.00 
fO.OO 
Sl.?t0.00 
S&40.00 
S!. 000. 00 


lOTM.  CONSTRUCTION  COSTS  = 


EE  MOVE  t  MEW  34' y3^ ' 


SHORT  TERM  IMPROVEMENTS 
ANNUAL  PERCENTAOE  ACCIDENT  REOUCTION  TYPE 


SITE  LOCATION 


MIDDLE  BURNT  FORK  CREEK  ROAO 


ACCIDENT  TYPE 


■  ACC.    IN  PERIOD  CHANCE  IN  «  ACC. 

    EST.  X  

I/F  PO    CHANCE  I/F 


HEAD  ON 
ANOLE 
LEFT  TURN 
SIDE  SWIPE 
REAR  END 
SINGLE  VEHICLE 
PEDESTRIAN 
OTHER 


0.0 
0.0 
0.0 
0.0 
0.0 
0.4 
0.0 
0.0 


TOTW-S 


I  REDUCTION  IN  INJURY/FATAL  ACCIDENTS  = 
X  REDUCTION  IN  PROPERTY  OAHAOE  ACCIDENTS 


0.4 
40.  OX 


MARVIN  &ASSOCIATES 


HE  3C.  TRANSWESTER 
LINOS  UT  U107 


40e)  34s-6oee 


RAVALLI  COUNTY 
TRAFFIC  SAFETY  STUDY 


MIDDLE  BURNT  FORK  ROAD 
SHORT  TERM  IMPROVEMENTS 


